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IMTRQPIKTIQN 


I 


A.  The  original  reqxiiremente  for  application  of  a  rubber  coating  to  the  integral 
fuel  tanka  of  reciprocating  engine  aircraft  was  for  protection  of  sealant 
materials  against  the  solvent  action  of  high  octane  type  fuels.  Buna  N  coatings 
conforming  to  MIL-S-4383  were  developed  to  fulfill  this  need  and  application  of 
such  coating  by  the  fill  and  drain^  post  assembly  methodf  provided  for  addi¬ 
tional  secondary  sealing  and  corrosion  protection  benefits. 


With  the  advent  of  jet  type  fuels,  Icurger  aircraft  and  higher  strength 
aluminum  alloys  having  poor  corrosion  resistance,  the  standard  Btjna  N  coating 
materials  have  failed  to  provide  the  degree  of  corrosion  protection  desired  for 
high  operational  usage  and  reliability.  To  fill  the  need  for  such  a  high  per¬ 
formance.  coating  material,  resistant  to  all  jet  integral  fuel  tank  conditions, 
compatible  with  sealant  materials,  capable  of  being  applied  by  brush  or 
conventional  spray  methods  amd  requiring  less  frequent  maintenance  and  repair, 
a  development  program  has  resulted  in  qxialifi cation  of  a  new  type  coating  con¬ 
forming  to  Boeing  Material  Specification  10-39. 

B.  The  laboratory  and  flight  tost  data  reported  herein  show  that  Buna  N  coating 
conforming  to  MIL-S-4383  is  not  entirely  suitable  for  cozrosion  protection  of 
integral  fuel  tanks  on  large,  high  performance,  jet  type  aircraft.  The 
deficiencies  of  Buna  N  coating  are  due  in  part  to  the  items  listed  below* 


1.  lack  of  corrosion  inhibiting  pigmentation  within  the  material, 

2.  Relatively  low  adhesion  properties. 
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B,  (continued) 

3.  Susceptibility  of  the  Buna  N  Coating  Material  to  softening,  blistering 
and  ultimate  deterioration  from  absorption  of  moisture, 

4*  Sensitivity  to  chemical  fuel  additives,  and 

5.  Inability  to  protect  unsealed  faying  surface  areas  with  any  degree  of 
certainty  by  normal  poet  assembly  application  methods. 

C.  As  these  shortcomings  of  the  MIL-S-4383  coating  have  become  evident^  an  accentu 
ated  search  for  a  bettor  finish  system  for  integral  fuel  tank  areas  has  been 
made.  This  search  has  culminated  in  release  of  the  Material  Specification 
BMS  10-39.  This  is  a  thlokol  modified  epoxy  resin  material  which  has  been 
tested  and  found  to  be  far  superior  to  the  MIL-S-4383  Buna  N  coating  in  the 
following  respects: 

1.  Resistance  to  moisture 

2.  Resistance  to  corrosive  atmosphere,  and 

3.  Capability  of  withstanding  extreme  environmental  conditions,  including 
some  chemical  fuel  anti-icing  additives. 

In  addition  to  its  ability  to  withstand  these  conditions,  the  BIS  10-39  material 
e^diiblts  excellent  sealant  adhesion  compatibility  by  nature  of  its  thlokol 
content.  Such  compatibility  with  sealant  makes  it  possible  and  extremely 
desirable  to  coat  parts  in  detail,  assemble  the  parts  and  seal  the  assembled 

structure  against  fuel  leakage  by  applying  the  sealant  directly  over. the  BMS 
10-39  coating.. 
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INTRODUCTION  (Continued) 

D.  The  ability  to  finish  detail  parts  with  the  BKS  10-39  coating,  and  then  to  seal 
the  assembled  structure  by  applying  the  sealant  directly  over  the  finish 
coating  has  distinct  functional  and  economic  advantages  idiich  may  not  be 
apparent  at  first.  Such  advantages  are  tabulated  as  follows: 

1.  Advantages 

a.  Detail  parts  can  be  cleaned,  chemically  treated  and  painted  in 
direct  process  sequence.  This  system  eliminates  excessive  handling 
and  provides  optimum  reliability  of  the  finish  system. 

b.  Coating  of  detailed  parts  provides  desired  corrosion  protection  in 
all  faying  surfaces  after  assembly, 

c.  The  BMS  10-39  coated  swface  is  easy  to  clean  iminediately  prior  to 
application  of  sealants.  Anodized  or  chemical  conversion  coated 
surfaces  absorb  soils  during  assembly  and  are  extremely  difficult 

-  to  clean. 

d.  Touch  up  of  coating  after  assembly  would  be  restricted  to  rivet 
heads  and  fasteners.  Hie  coating  can  be  accomplished  by  brush  or 
spray  methods. 

2.  Economic  Advantages 

a.  ELimination  of  multiple  hand  cleaning,  hand  chemical  treatment  and 
possible  corrosion  removal  operations  during  and  after  assembly. 

b.  Elimination  of  extensive  brush  and  spray  touch  up  operations  during 
and  after  assembly. 
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imODDCTION 
D*  (continued)  ' 

0*  Elimination  of  extensive  masking  of  seal  plane  areas* 
d*  Elimination  of  necessit7  of  panting  entire  major  assembly  such  as 
a  ving  panel  in  areas  not  ideally  suited  for  painting, 
e.  Will  provide  much  upgraded  service  life  of  Integral  fuel  tank  metal 
structure  with  tdaiaum  requirement  for  inspection  and  repair, 

3*  Fur'.ctlonal  PlsadvErttage 

a.  The  BrS  10-39  coating  material  unlike  the  MIL-S-4383  material  is  not 
transparent  end  therefore  will  not  allow  for  visual  inspection  of 
substrate  beneath  the  coating.  However,  experience  dictates  that 
any  corrosion  occurring’  to  the  metal  substrate  will  manifest  itself 
by  rupture  of  the  coating  film,  which  of  course  is  visually  evident 
in  any  case. 

b.  The  BKS  10-39  coating  material  is  inherently  chemically  resistant 
once  cured  and  tends  resist  most  solvent  stripping  materials. 
However,  it  is  not . impossible  to  strip  the  coating  with  presently 
available  materials,  and  new  stripping  materials  axe  constantly 
being*  evaluated  to  shorten  the  effective  stripping  time. 


E.  In  view  of  the  excellent  Integral  fuel  tank  coating  performance  exhibited  by  the 
Bis  10-39  coating  material,  and  the  advantages  to  be  gained  by  finish  applica¬ 
tion  to  detail  parts,  the  test  programs  listed  in  the  addenda  to  this  docment 
and  those  inclxwied  with  this  report  are  presented  to  substantuate  its  perform¬ 
ance  characteristic*. 
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ABSTRACT 

A.  The  Fuel  and  Moisture  Resistant  Finish  for  Integral  Fuel  Tanks  developed  under 
Boeing  Material  Specification  10-39  will: 

1.  Withstand  extreme  environmental  conditionSf 

2.  Resist  all  anticipated  corrosive  agents  within  the  fuel  cavity, 

3.  Protect  the  integral  fuel  tank  metal  substrate  from  the  effects  of  these 
agents  for  the  normal  life  of  the  aircraft,  euvi 

4.  Provide  excellent  compatibility  with  sealant  materials  as  either  a 
primer  or  sealant  topcoat. 

B.  By  virtue  of  excellent  adhesion  of  sealant  material  applied  over  B:S  10-39 
coating,  aircraft  parts  can  be  finished  in  detail  with  the  B!E  10-39  coating, 
assembled,  and  sealant  applied  directly  to  the  coating.  This  system  will  provid( 
the  following:  . 

1.  Corrosion  protection  to  faying  surfaces, 

2.  £)cpedite  finish  application  to  parts, 

3.  Provide  adequate  protection  of  the  metal  throughout  assembly  sequence, 

4.  Provide  optimum  corrosion  protection  of  assembled  wing  structures,  and 

5.  Provide  economy  of  assembly  and  finish  procedures. 

C.  This  economy  of  assembly  and  finish  procedures  is  gained  as  follows: 

1.  Elimination  of  multiple  hand  cleaning  operations  prior  to  finish 
application. 

2,  Provide  needed  corrosion  protection  throughout  shop  assembly  sequence. 

;  3e  Elimination  of  expensive  masking  of  seal  plane  areas  where  present 

I 

practice  requires  sealing  directly  to  uncoated  metal. 
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A.  Boeing  Docment,  D3-2247,  Development  of  a  Fuel  Tank  Coating  Conforming  to 
BMS  10-39. 

B.  Boeing  Document,  D3-2398,  Laboratory  Inveatigation  of  Corrosion  Pk>otection  in 
B-52G  Integral  Fuel  Tank. 

C.  Boeing  Document,  D3-2434»  B-52G  Integral  Wing  Test  Cube  Biraluation. 

D.  Er^ineering  Development  Program  829,  Finish  System,  Integral  Fuel  Tank. 

E.  Wichita  Flight  Test  1070:  Flight  Test  of  B^6  10-39  Fuel  Tank  Coating  Material. 

F.  Wichita  Flight  Test  1111:  Biraluation  of  Fuel  Anti-Icing  Additives. 

G.  Materials  and  Process  Iftiit  Job  P-2-198;  Flight  Test  Biraluation  of  Integral  Fuel 
Tank  Coatings  per  WFT  1070  and  WFT  1111. 

H.  Materials  and  Process  Iftiit  Job  S-2-425:  B-52G  Integral  Wing  Tost  Cube  B^-alua- 

tion  of  Sealant-Finish  System. 


I.  Systems  Laboratory  Report  330-6;  Finish  System,  Integral . Fuel  Taidc, 
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SUMMARY  OF  TEST  REPORTS 

A.  laboratory  «ata  as  raoorded  In  Doeunant  M-2398  shows  conolnslTs  oridanoa  that 
an  organlo  protaotlre  coating  must  ba  applied  to  Integral  fuel  tank  araas  for 
optlmm  corrosion  control* 


Topcoating  of  all  component  parts  prior  to  assembly  is  recommended  for  maximum 
corrosion  protectiona  The  addition  of  organic  finish  to  faying  surfaces  is 
strongly  recommended. 


B.  Buna  type  coatings  (MIL-S-4383)  do  not  have  all  the  desired  properties  for  use 
in  corrosion  protection  of  metal  surfaces  in  the  B-52C  integral  fuel  tanks. 
This  is  shovn  by  results  of  tests  reported  under  D3-2247.  Primarily,  the  Buna 
coating  is  not  a  corrosion  inhibiting  type  material,  its  adhesion  properties 
are  critically  dependent  on  film  thickness,  and  its  basic  adhesion  is  not 
adequate  to  allow  overcoating  of  the  finish  with  sealant  materials.  Conseq¬ 
uently,  the  coating  of  detail  parts  becomes  somewhat  Impractical  due  to  the 
necessity  for  masking  of  areas  which  will  require  subsequent  sealing. 


As  a  result  of  these  shortcomings,  the  Buna  coating  is  applied  to  final 
assemblies,  making  film  thickness  control  difficult,  and  leaving  Inadequate 
protection  in  faying  surfaces  and  other  blind  areas, 

0.  Sacognlalng  the  shortcomings  of  th.  Buna  coatings,  efforts  war.  mad.  to  d«,.lop 
a  fuel  resistant,  corrosion  protaotiTe  finish,  tailor«l  to  mast  th.  r.quir«,.nt. 
of  the  B-52  Aircraft.  These  efforts  have  resulted  in  a  promising  coaUi, 

I  material  based  on  a  modification  of  a  strontium  chromate  pigmented  .posy  coating.! 
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D.  The  basic  details  on  test  procediire  for  evaluation  of  tank 
design,  and  sealing  methods  and  materials  is  contained  in 
Document  D-3-2434*  This  basic  tank  and  test  procedure  was  used 
as  a  test  method  for  subsequent  evaluation  of  compatlblity  of 
BI'S  10-39  and  approved  sealant  materials. 

E.  The  results  of  compatibility  of  BI-S  10-39  cOating/BMS  5-44 
sealant  are  reported  under  the  Materials  and  Process  Unit  Job 
S-2-425.  The  testing  procedure  was  comparable  to  that  reported 
under  D-3-2434  except  that  the  tanks  were  finished  with  B>S  10-39 
coating.  Under  this  test  the  BMS  10-39/B>^  5-44  system  was 
ccnpatible  and  the  BliS  10-39  was  considered  as  suitable  for 
application  to  detail  parts.  The  detail  parts  were  assembled 
and  the  BI-S  5-44  sealant  applied  over  the  coating.  In  small 
areas,  BIS  10-39  coating  was  applied  over  fillets  of  BMS  5-44 
sealant.  This  is  representative  of  sealant/topcoat  repair  areas. 
Both  the  sealant  over  the  coating  and  the  coating  over  sealant 
systems  were  compatible. 

F.  A  E-52G  Aircraft  Serial  Number  57-6470  has  been  used  in  flight 
test  of  the  BI“S  10-39  coating  system.  Reports  of  exposure  and 
results  are  given  in  the  Materials  and  Process  Unit  Job  F-2-198, 
Addenda  G.  The  EI-S  10-39  coating  is  in  excellent  condition. 
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CONCLlSimS 

A.  The  interior  surface  of  the  B-52G  integral  fuel  tank  must  be  coated  with  an 
organic  finish  for  optimum  corrosion  control* 

B.  Finish  coating  of  detail  component  peurts  prior  to  assembly  is  suggested  for 
msiximum  corrosion  protection. 

C.  Buna  type  coating  conforming  to  MIL-S-4383  does  not  provide  the  required 
corrosion  protection* 

D.  Buna  type  coating  conforming  to  MHi-S-4383  must  be  masked  from  the  seal  plane 
area  thereto  making  the  application  of  finish  to  detail  parts  highly  uneconomi- 


Z.  A  Satisfactory  Boeing  Material  Specification  Coating  10-39  has  been  developed 
for  use  in  the  integral  fuel  tanks  and  in  fuel  tight  seal  areas* 

F.  El’S  10-39  coating/feMS  5-44  sealant  system  is  compatible  for  use  in  integral  fuel 
tank  and  fuel  tight  seal  sureas* 

G.  BMS  10-39  coating  can  be  applied  to  detail  parts  and  the  sealant  can  be  applied 
over  the  finish  on  assembled  structures. 
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RECOMMENDATIOIB 


A,  It  is  recommended  that  Bl-B  10-39  coating  be  applied  to  the  interior  structural 
parts  of  the  B-52  integral  fuel  tank  and  other  fuel  tight  seal  areas  in  place  of 
the  MII/-S-4383  Buna  coating. 

B.  It  is  further  recommended  that  every  effort  be  made  to  coat  the  structural  parts 
in  detail  so  ttiat  maximum  reliability  and  protection  may  be  afforded  faying 
suz^ace  areas. 
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Buna  N  type  coatings  (MIL-B-4383)  do  not  possess  all  the  desired 
properties  for  use  in  corrosion  protection  application  in  the 
B— 52G  integral  fuel  tanks*  Efforts  to  develop  a  fuel  resistant, 
corrosion  protective  coating,  tailored  to  B-52G  z*equlrements  have 
resulted  in  a  promising  coating  material  based  on  a  thiokol  modi¬ 
fication  of  a  strontium  chromate  pigmented  epoay  resin  primer* 
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2,0  DISCUSSION  OF  PROBLEM 

smaller  aircraft,  B\ma  N  coating  of  integral  fuel  tanka  hflir 
been  successftilly  accomplished  by  fill  and  drain  methods  serving 
primarily  as  sealant  protection*  However,  the  large  size  and 
complexity  of  the  B-52C  vdng  makes  it  impractical  to  attempt 
similar  application  methods,  and  it  has,  therefore,  been  necessary 
to  resolve  spray  application  methods  for  Buna  N  coating  to  supple¬ 
ment  time  consuming  and  poorer  quality  application  by  brushing. 

Since  the  B-52G  utilizes  new  l\iel  resistant  sealants,  topcoating 
with  Buna  N  material  is  no  longer  required  and  the  continued  need 
for  such  coating  inverts  primarily  to  corrosion  protection  of  the 
structure. 

Buna  N  material  possesses  several  limitations  making  it  less  de¬ 
sirable  for  the  purpose  of  protecting  the  structure  from  corrosion. 
Primarily ,  the  Buna  N  material  is  not  a  corrosion  inhibiting  type 
material.  Its  adhesion  properties  are  critically  dependent  on  film 
thickness,  and  its  basic  adhesion  is  not  adequate  to  allow  oveiv 
coating  with  sealant  materials*  The  above  factors  do  not  pennit 
coating  of  detail  parts  without  resorting  to  Impractical  masking 
requirements  for  subsequent  sealing.  As  a  result^  the  Buna  N 
coating  is  applied  to  final  assemblies,  making  film  thickness  con¬ 
trol  difficult,  and  leaving  inadeqxiate  protection  in  faying  surfaces 
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DISCUSSION  OP  PiiOBLEM  (Continued) 

and  other  blind  areas.  Purthennore,  in  order  to  circumvent  tedious, 
if  not  wholly  impractical,  application  by  brush  to  large  areas,  it 
has  been  necessary  to  develop  spray  procedures  for  applying  Buna  N 
coating  which,  in  turn,  does  not  solve  any  problems  other  than  Ija- 
prove  coating  film  thickness,  uniformity,  and  saving  considerable 
application  time  as  compared  to  brushing. 

Recognizing  the  shortcomings  of  Buna  N  material  as  a  corrosion  pi*o— 
tective  coating,  efforts  have  been  made  to  develop  a  coating  material 
tailored  to  meet  all  the  existing  requirements  for  Buna  N  type 
material  with  the  additional  advantages  of  containing  corrosion  in¬ 
hibiting  pigment,  and  having  adhesion  characteristics  suitable  to 
enable  topcoating  with  sealant  materials.  Such  a  material  would 
allow  prefinishing  of  detail  parts,  giving  the  desired  corrosion 
protection  to  all  areas  of  an  integral  fuel  tank,  and  providing  a 
suitable  surface  for  sealing.  These  requirements  have  been  used  as 
a  basis  for  establishing  Boeing  Material  Specification  10-39,  Fuel 
and  Moisture  Resistant  Coating  For  Integral  Fuel  Tanks. 

The  material  development  was  based  on  epoxy  type  coatings  because  of 
their  well  known  toughness  and  chemical  resistance  characteristics. 

To  obtain  satisfactory  compatibility  between  the  coating  and  the 
sealant  material,  the  epoxy  coating  was  modified  with  thiokol  resin 
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2.0  DISCUSSION  OF  FROBLiM  (Continued) 

which  has  been,  and  is,  the  main  component  of  integral  fuel  tank 
sealants. 

Results  of  this  development  program  show  that  an  epoxy  coating 
modified  with  thiokol  resin  provides  resistance  to  jet  fuel, 
superior  corrosion  resistance,  and  a  good  base  for  the  integral 
fuel  tank  sealant.  However,  the  BMS  10-39  specification  is  not 
limited  to  an  epoxy-thiokol  type  coating:.  It  is  anticipated  that 
other  coating  systems  such  as  a  polyurethane  system,  may  be 
sufficiently  developed  in  the  future  to  be  more  desirable  than 
the  epoxy-thiokol  coating. 
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3.0  CONCLUSIONS 

A.  The  Eninar  thiokol  modified  epoxy  Production  Number 
5*+-38231  4-  T5301  Catalyst  coating  is  resistant  to,  ^et 
fuel  (JP-4),  and  provides  superior  corrosion  protection. 

B.  The  Enmar  thiokol  modified  epoxy  Production  Ntunber 
54-36231  +  T5301  Catalyst  coating  does  provide  a  good  base 
for  sealant  materials. 

C.  The  Enmar  thiokol  modified  epoxy  Production  Number 
54—36231  +  T53OI  Catalyst  coating  gives  excellent  per¬ 
formance  when  subjected  to  the  tests  outlined  in  BMS  10-39. 
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4.0  Ri5Ca#li3tfDATICa4S 


It  U  «oo«.ended  that  all  faterior  aurfacea  of  the  fuel  call 
be  coated  with  KC  10-39  fuel  tank  coating. 

It  la  recom.ended  that  the  BMS  10-39  fuel  tank  coating  be 
applied  to  detailed  parts  by  spray. 
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5.0  SCOPE 

The  information  contained  in  this  Document  is  a  suninaiy  of  the 
follovfing  three  distinct,  but  related  Job  reports: 

A.  Job  Report  No,  330-2{  Finish  System,  Integral  Fuel  Tank; 
issued  by  the  System  Laboratoiy  Unit,  330-1,  same  subject, 

B.  Job  Report  NO.  F-2-U6j  Studies  on  Integral  Fuel  Taric 
Corrosion;  issued  by  the  Finish  Group, 

C.  Job  Report  No.  S-2-346;  Sealant  Adhesion  on  Various  Primed 
Surfaces;  issued  by  the  Sealant  Group, 
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Job  Report  Mo.  F-2-U6;  Studies  on  Integral  fbel  Tank  Corn>.lon, 
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Job  Report  No.  S-2-3Wj  Sealant  Adhesion  on  Various  Frimed 
Surfaces;  issued  by  Sealant  Laboratory, 
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7.0  .MATERIALS  . 

A.  Sherwin-Williams  Company,  Hollywood,  California. 

1.  BMS  10-11,  Type  I,  E42GP13, 

B.  Andrew  Brown  Company,  Irving,  Texas. 

1.  Epoxy  Coating  TA-862. 

C.  Enmar,  Inc.,  Wichita,  Kansas 
1.  Epoxy-Thiokol  Coating,  Production  Number 

54-36231  \  T5301  Catalyst 

D.  Minnesota  Mining  and  Manufacturing  Company,  Detroit  2,  Kichig 

1.  EC-776R,  Buna-N  Coating. 

2.  EC— 776— SR,  Buna-N  Coating. 

3v  EC-1527,  Buna-N  Coating. 

Products  Research  Company,  Glendale,  California. 

1.  Sealant  PR-1422. 

Coast  Pro-Seal  &  Manufacturing  Company,  Los  Angeles,  Califor- 
■nia. 

1.  Sealant  -  Pro-seal  890. 

Cleaning  Fluids 

1.  BMS  11-7  Pre-sealing  Cleaning  Solvent. 

2.  BMS  3-2,  Safety  Solvent,  General  Cleaning. 

H.  Test  Fluids 

1.  W83  Set  Reference  Fuel. 

2.  MlL-S-3136,  Type  I  Hydrocarbon  Standard  Test  Fluid. 

I.  Thiokol  Chemical  Corporation,  Trenton  7,  New  Jersey. 

1.  Thiokol  Resin  LP-8. 


E. 


F. 


G. 


FORM  E-168S  RZ 


j 


mkjsarfm  Mfmftmmv 


D3 -22780 
4dd«nda  A 
Pi««  a 

D3-2247 
Page  10 


8.0  EQUIPMEMT 


Standard  paint  spray  equipment. 

Scott  tester,  nxanber  1510,  Nixon  Engineering  Coo^japy, 
Central  Falls,  Rhode  Island. 

Salt  Spray  Cabinet,  Method  606l  per  Federal  Test  Method 
Standard  141. 

Condensing  Humidity  Cabinet  operated  per  JAN-H-792. 
Equipment  built  by  Boeing  Laboratories. 

1.  Cyclic  test  cabinet. 

2.  Constant  Temperature  Bath. 

3.  Vibration  Test  stand, 

4.  Sloshing  test  machine. 
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9.0  TEST  PROGRAM 


A.  Accelerated  Field  Conditions  Test 


A  test  fuel  cell,  coated  with  BMS  10-11,  ^T)e  I  epoxy  primer, 
was  subjected  to  test  fluids,  physical  environment,  and 
mechanical  factors  that  tend  to  duplicate,  at  an  accelerated 
rate,  actual  field  conditions.  The  detailed  account  of  this 
test  is  contained  in  Report  No,  33P-2,  Finish  t^tem  Integral 
Fuel  Tank,  issued  by  the  Systems  Laboratory. 

B.  Corrosion  Resistance  Test 

Test  coatings  applied  over  aluminum  substrates  which  received 
two  different  cleaning  treatments  prior  to  conversion  coating 
application,  were  subjected  to  Salt  spray  environment,  per 
Reference  F,  for  a  period  of  28  days.  This  test  is  a  part  of 
Job  assignment  F-2-146,  Studies  on  Integral  Fuel  Tank  Corrtslon 
which  is  still  in  progress,  and  a  detailed  account  of  this  tost 
will  be  Issued  by  the  Finish  Laboratory  upon  completion. 

C.  Compatibility  of  Epoxy  Coating  with  Integral  Fuel  Tank  Sealant 

Compatibility  of  epoxy  with  integral  fbel  tank  sealant  was 
evaluated  using  the  Peel  Strength  Test  per  BMS  5-26.  Peel 
Strength  Tests  were  conducted  on  two  different  integral  fuel 
tank  sealants  applied  over  three  different  epoxy  coatings. 
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9.0  TEST  PROGftAM  (Continued) 

C.  (continued) 

The  epoxy  coatings  vrere  applied  at  two  different  film  thicknesses, 
cured  at  three  different  tempeiatures,  and  cleaned,  prior  to 
application  of  sealant,  using  three  different  cleaning  methods. 
This  procedure  takes  into  consideration  the  factors  normally 
Influencing  the  adhesion  of  the  sealant  to  the  coating,  namely, 
formulation  and  cure  of  coating,  film  thickness  of  coating, 
and  the  type  of  cleaning  mediun  used  to  prepare  the  surface  of 
the  coating  prior  to  application  of  the  sealant.  The  detailed 
accoimt  of  this  test  is  contained  in  Report  No.  S-2>.346, 

Sealant  Adhesion  on  Various  Primed  Surfaces,  issued  by  the 
Sealant  Laboratory. 

D.  Qualification  Tests  per  BMS  10-39 

Test  coatings  that  passed  the  above  tests  were  subjected  to  the 
qualification  tests  as  outlined  per  BMS  10-39 
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10.0  TiiST  PROCEDUttE  AND  RESULTS 

A.  Accelerated  Pield-Oonditions  Test 

Cleaned  and  conversion  coated  detailed  parts  of  a  test  fuel 
cell,  see  Reference  E,  were  spray  coated  with  H4S  10-11,  T^pe 
I  epoxy  primer  per  BAG  5736.  After  a  minimum  room  temperature 
cure  of  72  hours,  the  assembly  of  the  cell  was  made  in  a 
sequence  duplicating  normal  shop  practices.  In  this  way  some 
sealants  were  appUed  as  fillets  and  some  as  faying  surface 
seals.  The  following  tests  were  performed  in  the  sequence  in 
which  they  are  listed.  The  total  test  time  on  the  coating  and 
the  sealant  over  the  coating  is  accumulative 

1.  Sealant  Aging  and  Cycling  Test 

a.  Environmental  Factors 

(1)  Test  Fluid  BI'IS  5—26  reference  fluid  plus  a  y)i 
solution  of  salt  water. 

(2)  Temperature  -  140®F. 

(3)  Pressure  —  12  to  —3  inches  of  mercury  for  lOOC 
such  cycles. 

(4)  Time  -  72  hours. 

b.  Results 

There  was  no  detectable  change  in  the  coating  or  the 
sealant. 
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10*0  TiiST  PROCEDURi;  AND  RESULTS  (Continued)  ^ 

A.  Accelerated  Field  Conditions  Test  (continued) 

2,  Dry-Hot  Air  Cycle 

a.  Environmental  Factors 

(1)  Temperature  -  160®F, 

(2)  Time  -  77  hours. 

b.  Results 

There  was  no  detectable  change  in  the  coating  or  the 
sealant. 

3«  Slosh  and  Vibration  Test 

a.  Fhvironmental  Factors 

(1)  Fluid  -  MIL-H-3136,  Type  I, 

(2)  Temperature  -  65°F. 

(3)  Slosh  Rate  -  14  CFM 

(4)  Vibration  frequency  -  I960  cps. 

(5)  Time  -  25  hours. 

b.  Results 


There  was  no  detectable  change  in  the  coating  or  the 


sealant. 


B.  Corrosion  Resistance  Test 


1.  Aluminum  test  assemblies  prepared  in  triplicate,  were 
cleaned  prior  to  Iridite  #U  conversion  coating,  and 
spray  coated  with  test  coatings  as  follows: 


rORM  E-Iew  R2 


aasi  AT^u 


/y»'  D3-2780 

«/4r///7-^  Addenda  A 

Page  26 

D3-22‘f7 

10.0  TEST  PROCEDURE  AND  RESULTS  (Continued)  Page  15 

B.  Corrosion  Resistance  Test  (Continued) 

1.  (Continued) 

a.  Cleaning  Agent 

(1)  Alkaline  Cleaner  -  Oakite  #61. 

(2)  Alkaline  Etch  -  Diversey  #202. 

b.  Coating  Materials 

(1)  BMS  10-15,  Type  I  epoxy  primer,  E42GP13 

(2)  BMS  10-15,  Type  I  epoxy  primer,  E42GP13  modified 
with  thiokol  LP-8  by  mixing  3  parts  by  volume  of 
epoxy  base  component  with  1  part  LP..8.  (Now  releasee 
as  SW  E42AP7  f  V66KP16  Catalyst), 

(3)  Enmar  thiokol  modified  epoxy  54-36231  4- 
T5301  Catalyst. 

(4)  EC-776-R  -  Buna-K  applied  by  brush. 

-  (5)  EC-776-SR  -  Buna-N  applied  by  brush  and  spray. 

(6)  EC-1527  -  Buna-N  applied  by  spray. 

(7)  After  a  minimum  cure  period  of  72  hours,  the  coated 

assemblies  were  placed  in  the  salt  fog  cabinet  per 
Reference  F,  for  a  period  of  28  days.  ■  . 

c.  Results 

Results  of  this  test  are  given  in  tabular  form  per 
-  ,  Table  I,  and  are  the  results  of  observation  of  panels 
after  exposure. 
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C.  Compatibility  of  Epoxy  Coatings  with  Integral  Fuel  Tank  Sealant 

1#  Each  group  of  aluminum  panels  per  Reference  G,  (four  groups^ 
2l6  panels  to  a  group),  were  divided  into  two  sub>gi*oups; 
one  sub-group  receiving  0.5  mil  (dry  film  thickness)  of  a 
test  coating,  and  the  second  sub-group  receiving  2  mils. 

The  108  panels  of  each  sub-group  were  further  divided  into 
three  sets.  Set  I  —  air  cured  for  a  minimum  of  72  hours. 

Set  II  -  heat  cured  at  250°F.  for  30  minutes,  and  Set  III  - 
heat  cured  at  350°F.  for  15  minutes.  The  36  panels  of  each 
set  were  further  divided  into  three  sub-sets.  Sub-set  I  - 
no  cleaning;  Sub-set  II  -  cleaned  with  BKS  11-7;  and  Sub-set 
III  -  cleaned  with  BliS  3-2.  I'he  12  panels  of  each  sub-set 
were  further  divided  into  two  divisions;  Division  I 
receiving  Pro-Seal  890  sealant  and  division  II  receiving 
Products  Research  1422  sealant.  After  a  sealant  cure  period 
of  7  days  at  room  temperature,  the  6  panels  of  each  division 
were  further  divided  into  two  sub-divisions.  Sub-division  I 
immersed  in  I^IS  5-26  reference  fluid  at  140°F.  for  7  days, 
and  sub-division  II  receiving  no  immersion  in  a  test  fluid 
to  serve  as  controls.  After , 7  days  immersion,  3  panels 
of  sub-division  I  and  the  3  panels  of  sub-division  II  were 
subjected  to  the  Peel  Strength  Tests  per  BMS  5-26.  The 
four  original  groups  mentioned  above  are  defined  as  follows; 
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C.  Compatibility  of  Epoxy  Coatings  with  Integral  Fuel  Tank 
Sealant, 

1,  (continued) 

Group  I  -  EMS  10-11,  Type  I  epoxy  primer  E42GP13, 
Group  II  -  BMS  10-11,  Type  I  epoxy  primer  E42GP13, 
modified  with  thiokol  LP— 8  by  mixing  3 
parts  by  volume  of  epoxy  base  component 
with  1  part  LP-8.  (This  is  SW  E42AP7  + 
V66KP16  Converter), 

Group  III  -  Enmar  thiokol  modified  epoxy  54-36231  + 
T5301, 

Group  IV  -  Andrew  Brown  epoxy  TA-862, 

2,  Results 

A  summary  of  the  results  are  given  in  graphical  form  per 
Table  II.  For  detailed  results  see  Reference  G, 

Icci tions  Test 

The  following  tests  per  Bm  10-39  were  conducted  on  Enmar 
thiokol  modified  epoxy  54-36231  f  T5301  coating. 

1.  Metal  anchorage  -  no  failure. 

2.  Fuel  and  iater  Resistance  -  no  failure. 

3.  Humidity  Resistance  -  no  failure. 

4.  Low  Temperature  Flexibility  -  no  failure. 

5.  Fuel  contamination  -  non-volatile  less  than  1  mg  per 
260  cc  of  test  fluid. 
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ABSTRACT: 


Studies  of  Integral  fuel  tank  corrosion  protection  systems*  for  aluminum  shov  that 
the  combination  of  alkaline  etch  treatment,  Irldlte  or  Alodlne  chemical  finish 
and  a  Buna  N  topcoating  used  on  the  3-530  from  Ifalt  204  and  on  Is  satisfactory 
for  adequate  control  of  corrosion  In  integral  fuel  tank  environment.  These 
studies  also  conclude  that  Irldlte  or  Alodlne  chemical  finish  on  aluminum  is  not 
adequate  to  control  corrosion  In  integral  fuel  tanks  without  the  additional 
protection  of  an  organic  coating  such  as  Buna  N. 

On  early  B-5a0  Airplanes,  two  types  of  corrosion  have  been  observed  on  Irldlte 
treated  aluminum  Integral  tank  surfaces  having  no  Buna  coating.  Studies  of  the 
observed  corrosion  Indicate  that  Its  progression  is  slow  and  has  not  resulted 
tn  any  significant  loss  of  the  metal  properties  after  as  much  as  one  year  of 
service.  Further  studies  show  that  once  corrosion  has  started.  Its  progression 

18  not  significantly  Inhibited  by  JP-4  and  therefore  such  corrosion  may  ultimate  I 
affect  the  service  life  of  the  airplane. 

Since  there  Is  no  guaranteed  analytical  procedure  ^Ich  can  predict  the  signif¬ 
icance  of  existing  corrosion  on  the  ultimate  service  life  of  Integral  fuel  tanks, 
it  appears  desirable  that  action  should  be  taken  to  remove  or  inhibit  such 

corrosion  and  provide  an  adequate  corrosion  protective  system  to  prevent  its 
reoccurrence. 
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DTERODOCTICai! 

During  the  suBoer  of  1958,  earlor  B-32S  Alrplnnes  on  the  fll^t  line  vere  ^beerved 
to  be  subject  to  Incipient  vhlte  corrosion  on  alTsalmaD  swfacee  vlthln  the 
Integral  fuel  tanks  that  vsre  not  coated  vlth  Buna-H  protective  coating.  The 
attack  vas  first  noted  on  the  upper  vlng  skins,  stiffeners,  and  fuel  vent  covers. 
After  several  eeeks  of  e:q)08\zre  to  the  weather  on  the  flijpt  line,  the  area 
subject  to  this  attack  had  Increased  to  Include  all  non  topcoated  axeas  within 
the  fuel  tank,  and  vas  observed  on  vrought  sheet  as  veil  as  the  allied  vlng  skin. 
It  should  be  pointed  out  that  the  vhlte  corrosion  vas  so  sll^t  as  to  be 
discernible  only  vlth  proper  Illumination,,  and  careful  examination. 

In  addition,  black  corrosion  products  vere  observed  in  Isolated  Instances  on 
Billed  surfaces  that  were  also  unprotected  by  the  Buna-H  coating. 

Details  of  these  two  conroslon  types  are  Included  In  the  following  paragraphs. 
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CHAflACTERISTICS  OF  C(®RC6ICK  WITHIN  INTEGRAL  FUEL  TANKSi 

From  numerous  observations  of  integral  fuel  tanks  both  before  and  after  night 
operations,  it  has  been  established  that  two  distinct  types  of  corrosion  exist. 
The  first  type,  consisting  of  white  tubercules,  has  been  observed  on  all  types 
of  auminum  materials  within  the  integral  fuel  tank.  This  white  corrosion  was 
observed  first  on  the  upper  surfaces  of  wing  tanks  of  planes  uqx>8ed  to  weather 
on  the  night  line,  but  prior  to  the  first  fueling.  The  attack  apparentjj 
starts  by  the  formation  of  veiy  minute  puffs  of  white  corrosion  products  which 
are  a  few  thousandths  of  an  inch  in  diameter.  Each  puff  or  tubercule  consists 
of  a  roughly  spherical  deposit  of  corrosion  products.  The  puff  contains  a 
very  minute  amount  of  white  powder  lightly  held  together  in  a  sponge-like  mass. 
The  puffs  may  be  seen  only  when  suitably  Illuminated  by  a  beam  of  light  directed 
almost  parallel  to  the  metal  surface.  The  puff  may  be  wiped  off  by  the 
slightest  touch.  Because  of  the  extremsly  small  quantity  of  corrosion  products 
present,  attempts  to  secure  a  sample  for  analysis  have  been  unsuccessful. 

After  extended  exposure  periods,  puffs  have  been  noted  which  have  developed 
to  a  diameter  of  approximately  1/16  inch. 

To  illustrate  the  appearance  of  the  white  corrosion  products,  a  laboratory 
sample,  exposed  to  the  atmosphere  until  a  similar  attack  had  developed,  waa 
photographed.  Although  this  is  not  actual  wing  tank  corrosion,  it  is  quite 
representative  of  that  observed  in  the  tanks  examined. 
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Het.  Lab.  3103 

FIGURE  1.  Fbotograph  of  ^Ite  corrosion  products  on 

Aiiini<ninii  similar  to  that  ohseirved  in  Integral 
fuel  tanks. 

BW-155643 

BW-1 57723 
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CHARACTERISTICS  OF  CCffiROSICN  WITHIN  INTEGRAL  FUEL  TANKSi  (Cmtinued) 
Cbservationa  of  this  corrosion  phenomenon  hare  indicated  the  following  proposed 
mechanismi  Minute  pores  probably  ejdst  in  the  chemical  finish,.  Droplets  of 
water  condense  on  the  surface,  and  dissolved  substances  such  as  carbon  dioxide, 
ojgrgen,  and  surface  salts  render  the  water  mildly  corrosive.  The  water  solution 
penetrates  through  the  pores,  and  dissolves  very  small  quantities  of  aluminum. 

As  the  water  droplets  evaporate  as  a  result  of  the  warming  of  the  mstal,  e 
sponge-like  deposit  of  the  corrosion  deposits  remains.  Repeated  condensation 
cycling  increases  the  quantity  of  white  corrosion  deposit  present  in  the  puffs. 

It  is  obvious  that  such  a  corrosion  mechanism  would  eventually  result  in  pitting 
of  the  aluminum  surface.  In  isolated  instances,  detectable  shallow  pits  have 
been  observed  under  white  corrosion  sites,  but  in  most  oases  the  attadc  has  not 
progressed  to  a  point  where  pitting  is  evident. 

Rc-finlshing  of  white  corroded  areas  has  been  accompllshod  by  the  removal  Vf  the 
corrosion  products,  thorough  cleaning,  and  re-application  of  the  chemical 
treatment.  This  treatment  has  been  observed  to  be  only  partially  effective  and 
supporting  laboratory  data  shows  conclusive  evidence  that  an  organic  protective 
coating  must  be  applied  for  adequate  corrosion  control, 

A  second,  or  blade  type,  of  corrosion  occurs  more  commonly  on  milled  surfaces 
which  have  not  been  etch  cleaned.  It  appears  to  be  the  result  of  surface 
contamlnaUon,  principally  perspiration.  Where  a  milled  and  chemically  treated 
surface  is  contmainated,  corrosion  develops  in  the  milling  grooves,  giving  an 
eff^t  s^ar  to  fin-^^r  printing.  Definite  finger  prints  and  hand  prints 
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CHARACTERISTICS  OF  CORROSICK  WITHIN  INTEGRAL  FUEL  TANKS:  (Continued) 
have  been  obeerved,  and  In  many  Instancea  slgilficant  areas  have  been  corroded 
by  contact  with  a  moist  forearm.  The  black  corrosion  attack  starts  in  the 
Ing  cutter  marks  and  has  a  tendcsicy  to  progress  longitudinally  along  the 
grooves. 

Black  corrosion  can  develop  within  a  few  hotirs  after  contamination,  especially 
in  hot  suisnsr  weather. 

Black  corrosion  products  have  boon  removed  by  the  use  of  fine  abrasive  paper, 
after  which  the  surface  is  cleaned  and  chemical  treated. 

In  order  to  detexmlne  the  significance  of  the  corrosion  observed  in  integral 
fuel  tanka,  a  program  involving  several  phases  of  studty  was  Initiated  by 
the  Protective  Finish  Group  of  the  Materials  and  Process  Unit.  The  individual 
reports  of  these  laboratory  studies  are  presented  in  the  Addenda.  The  results 
of  all  studjr  phases  are  sumarized  in  the  following  conclusions. 
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CONaUSlONSt 


MIUC-55a,  Chemical  finish  on  aluminum  surfaces  la  Insufficient  to  prOTenv 
coDTDslon  idthln  Integral  fuel  tanks* 

Alkaline  etch  cleaning  of  aluminum  surfaces  prior  to  oh^eal  finishing 
significantly  Improres  the  corrosion  resistance  In  Integral  fuel 
enrlronment, 

Orgalo  protsctlT,  coating  algnlflcantly  Inproraa  the  oorrcaion  raalstane*  cf 
existing  tanks* 

Alkaline  etch  clesnlng  of  milled  surfaces  is  essential  In  securing  the  maximum 
protection  froej  chenlcal  finish  and  organic  protectlre  coating* 

Existing  integral  fuel  tank  corrosion  is  not  inhibited  by  the  presence  of  fuel. 

Effort  should  be  directed  towards  securing  the  most  effective  organic  protective 
coating,  particularly  with  regard  to  water  resistance. 

The  7178-T6  extruded  wing  skin  material  used  in  Integral  fuel  tanks  is  not 
abnormally  susceptible  to  intergranular  corrosion* 


The  tensUe  properties  of  717^16  extrusion  are  not  measurably  changed  by 
surface  corrosion  in  excess  of  that  noted  in  ^52Q  integral  Aiel  tanks* 

Tests  indicate  that  the  fatigue  properties  of  7178-T6  extrusion  may  be  affected 

to  a  small  degree  by  corrosion  in  excess  of  that  noted  in  B.520  integral 
fuel  tanks* 
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RECOKMES^DATIGNSt 

from  th.  ™  of  th.  «,olt.  of  th...  otudl,..  It  1,  r.co««,d«l  that  th. 
foUoKlng  mlnlBM  flnl,h  b.  .ppUed  to  Intogral  fud  tank.. 

UlMlln.  atch  clam  par  BAC  3-<002  aU  nacMnad  aualnnm  parts. 

Apply  MIW!.55U  chanlcal  flniah  (BAC  5719  or  BAC  J-dooo),  or  ohrenla 
acid  uiodia,  par  MIUA^das  (BAC  5019.  to  all  p.^.. 

Apply  organic  corroalon  protaeti™  coating  to  aU  .nrf.ca. 
within  th.  Intagral  foal  tank,  including  faying  aurfacca. 
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SUI'MARY 

In  order  to  evaluate  the  structural  design  and  the  sealing  methods  and  materials 
in  the  B-52G  advanced  (integral)  vdng,  a  test  program  was  initiated  early  in 
1956.  This  program  consisted  of  the  design,  fabrication,  sealing,  aid  environ¬ 
mental  testing  of  two  small  identical  test  cubicles  representing  a  comer  of  the 
I  integral  wing  fuel  tanks.  One  cube  was  sealed  with  the  presently  used  integral 
fuel  tank  sealant  (BMb  5—19)  and  the  other  cube  was  sealed  with  a  new  fuel 
resistant  BliS  5-26  sealant  (Pit  1422 The  cubes  were  subjected  to  identical 
cyclic,  slosh  and  vibration,  and  load  testing  under  realistic  environmental 
conditions,  iibcaiunation  of  the  two  cubes  after  testing  revealed  no  apparent 
leakage  or  damage  to  the  sealant  or  structure.  The  two  cubes  appeared  to  be 
I  equal  in  ability  to  withstand  the  test  conditions  to  which  they  were  exposed. 

BMS  5-36  (PR  1422)  Sealant  has  subsequently  been  used  to  seal  the  Integral  fuel 
tanks  of  the  8-520  wing,  with  very  satisfactory  performance  to  date.  The 
excessive  slun^)  (flow)  and  short  work-life  of  BMS  5-26  Sealant  (first  observed 
herein)  later  catised  serious  production  problems  ^ich  led  to  the  use  of  a  differeig;  j 
type  mixer  (Semco  Rotary)  to  reduce  slxanp  and  obtain  a  satisfactory  work-life. 

As  indicated  by  the  four  fastener  leaks  found  after  se8J.lng  the  cubes,  the  greates’lH 
potential  leakage  soiu*ce  in  the  integral  wing  would  appear  to  be  leaking  fasteners ^ 
Esqperience  to  date  has  shown  that  this  is  tnie— KACA  rivet  leaks  have  led  to  the 
extensive  use  of  faying  surface  seals  and  the  sealing  of  many  fasteners  which 
were  supposedly  self-sealing. 
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IWTHOUUGTION 


The  two  raajor  objectives  of  this  test  cube  program  were:  (1)  the  evaluation 
and  comparison  of  sealing  compounds  and  methods,  and  (2)  the  evaluation  of  the 
structural  design  of  the  test  cubes  -  in  particxilar  the  proposed  tank  end  rib 
construction  (wing  station  492).  In  addition  to  the  above,  a  test  was  conducted 
to  investigate  the  hot  air  blower  method  to  accelerate  the  curing  of  sealant  in 
one  of  the  test  cubes. 

The  test  cube  program  was  a  joint  undertaking  of  the  B-52G  Project  Structures 
Group,  Engineering  Experimental  Shop,  Process  Staff  Sealants  Group,  Power  Plant 
Staff,  and  the  Structural  Test  Unit.  The  program  was  conducted  in  the  following 
phases: 

I.  -  Uesign  and  Fabrication  of  the  Test  Cubes  (B- 52  Project  Structures 
Group  and  Engineering  Experimental  Shop) 

Phase  II  —  Testing  and  Evaluation  of  New  Sealing  Compounds  (Process  Staff 
Sealants  Group) 

Phase  III  -  Sealing  the  Cubes  (Process  Staff  Sealants  Group) 

ly  -  Accelerated  Cure  Investigation  (Process  Staff  Sealants  Group) 
f ,V  -  Leak  Testing  of  the  Sealed  Cubes  (Power  Plant  Staff  and  Process 
Staff  Sealants  Group) 

VI  -  Environmental  Testing  of  the  Cubes  (Power  Plant  Staff  and 
Structural  Test  Unit) 
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A.  BAG  Dravdng  35-171?  "Wing  Station  492  Rib  Cubical-Test". 

B.  BAG  Drawing  35-1840, "Sealing  Application  Wing  Station  492  Hib  Cubical-Test". 

C.  MIL-S-8802,  "Sealing  Compound j  High  Temperature  Resistant  For  Integral  Fuel 
Tanks  and  Fuel  Cell  Cavities". 

D.  Wichita  Process  Staff  Lab  Report  No.  32-206,  "Evaluation  of  Various  Materials 
to  MIL-S-8802". 

E.  Power  Plant  Staff  Test  Reports  No.  213-1,  -2,  -3,  "Wing  Station  492  Tank  End 
Rib  Evaluation". 

F.  Structural  Test  Unit  Test  Report  No.  ST-S7-21,  "B-52  Tank  End  Rib  Test  Cube", 
dated  17  October  1957. 

0.  BAG  5504,  "Integral  Fuel  Tank  Structure  Sealing". 

H.  BMS  5-19,  "Integral  Fuel  tank  Sealant". 

^2-253,  "Leak  Detection  In  Integral  Fuel  Tanks", 
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Phase  I;  Design  and  Fabrication  of  Test  Jubes 

Drawings  for  the  fabrication  and  sealing  of  the  test  cubes  (references  A  and  B) 
were  prepared  by  8-52  Project  Structures  Group.  Two  identical  cubes  were  fab¬ 
ricated  by  Engineering  Experimental  Shop.  The  cubes  represented  the  upper  and 
lower  wing  surfaces,  spar  construction,  and  the  proposed  tank  end  rib  construc¬ 
tion,  Wing  Station  492.  Seven  photographs,  listed  in  Table  of  Contents,  show 
several  views  of  the  cubes  during  various  stages  of  completion. 


Phase  II;  Testing  for  new  Sealants 

New  sealants  have  been  developed  which  may  exceed  the  pnysical  properties  of 
BMS  5-19;  consequently,  a  screening  program  was  initiated  by  the  Process  Staff 
Sealants  Group  to  determine  which  of  these  new  sealants  would  be  most  suitable 
for  sealing  the  integral  wing.  Nine  new  sealants  were  tested  to  the  qualifica¬ 
tion  tests  of  MIL-S-8802  (reference  C).  Complete  results  of  these  tests  were 
reported  in  reference  D.  No  compound  tested  passed  all  the  tests  under  MIL-S- 
B802j  however.  Products  Research  Company  PH—1422  appeared  to  be  the  most  pronis* 
ing  and  was  subsequently  used  to  seal  one  of  the  test  cubes. 

Phase  III I  Sealing  the  Cubes 

In  order  that  a  comparison  of  the  two  sealing  methods  and  compounds  could  be 
made,  one  cube  (No.  1)  was  sealed  per  BAG  5504  using  H'LG  5-19  sealants,  and 
the  second  cube  (No.  2)  was  sealed  with  the  new  PH— 1422  compound,  using  no 
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precoat  or  topcoat.  Photographs  of  the  applied  sealant  are  listed  in  the 
Table  of  Contents. 

Sub-Assembly  sealing  was  done  during  fabrication  of  the  cubes  by  Process  Staff 
personnel  who  were  responsible  for  all  sealing  of  the  two  cubes.  Sealant 
materials  were  applied  per  reference  B.  All  mating  surfaces  were  coated  with 
iiC776R  for  corrosion  protection,  except  for  areas  where  faying  surface  isolation 
seals  were  called  out. 

1  was  sealed  per  BAC  5504  with  BMS  5-19,  T^pes  A-2  and  B-2  sealants 
( PR— 9021).  The  cube  was  topcoated  with  KC— 1527  (sprayed)  and  a  small  amount 
of  KC776H  (brushed).  lype  A-2  sealant  was  hand  mixed  in  small  quantities 
(^•5  ounces)  and  applied  immediately.  It  was  found  that  approximately 
1. 5  ounces  was  the  maximum  amount  that  could  be  applied  by  one  person  before 
the  material  became  too  viscous  to  apply  properly.  Type  B-2  sealant 
mixed  on  a  Semco  Modes  SP-I350  Mixer  at  60  cycles  and  approximately  80  psi 
air  pressure.  Mixed  sealant  was  stored  at  -40®F.  (not  over  10  days). 
Cartridges  were  thawed  to  near  room  temperature  in  warm  water  at  1309F, 

It  was  found  that  approximately  5  ounces  of  this  material  was  the  maximum 
that  could  be  applied  before  the  application  time  expired.  The  sealant 
was  cured  at  room  temperature  for  approximately  7  days  before  being  tested 
for  leaks. 

Cube  No._  ^  was  sealed  with  Products  Research  Company  PH-1422,  except  for  a 
small  amount  of  Churchill  3^-3007.  In  general,  these  sealants  were  applied 
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Phase  lilt  Sealing  the  Cubes  ( Continued) 

per  BAC  5504>  except  no  precoat  or  topcoat  was  required.  On  most  vertical, 
or  overhead  applications  it  was  necessary  to  apply  the  PB-1422  in  several 
applications  due  to  the  excessive  flow  or  slump  of  this  material.  Sealant 
•was  allowed  to  partially  cure  before  the  next  application  was  made.  It  was 
initially  intended  that  PH-1422  would  be  machine  mixed  but  it  was  found  that 
.  machine  mixed  PH-1422  flowed  or  slumped  more  than  hand  mixed  PR-1422; 

consequently,  all  PH-1422  was  hand  mixed  in  small  amounts  of  approximately 
2  ounces  and  used  i'-mediately.  This  material  had  an  extremely  short  work 
life  (about  3^  minutes)  and  it  was  found  that  no  more  than  2  ounces  could 
be  applied  by  one  person  before  the  naterial  became  stiff  and  unworkable. 

Metal  seal  Caps  were  not  available  at  the  time  this  cube  was  sealed;  therefore 
plastic  caps  were  used  on  fasteners  requiring  sealing  and  were  removed  after 
sealant  has  cured,  oealant  was  cured  at  room  temperature  for  approximately 
7  days  before  being  tested  for  leaks. 

During  the  sealing  of  cube  No.  1,  considerable  information  on  the  application 
-times  and  quantities  of  each  compound  used  was  recorded.  This  information  is 
tabulated  in  Table  I.  Fi*om  this  table  it  can  be  seen  that  87  man-hours  were 
required  for  the  application  of  13*7  pounds  of  material. 

In  general,  the  sealing  of  these  cubes  was  very  difficult.  The  close  quarters 
and  structural  designs  made  some  of  the  normal  application  techniques  impossible. 
Lighting  was  frequently  inadequate  and  in  many  areas  it  was  necessary  to  use 
mirrors  to  see  where  to  apply  and  work  the  sealsmt.  The  following  comments  were 
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Phase  III  I  Sealing-  th^Ji/ubes^  ( Continued} 

made  by  personnel  who  sealed  the  pubes  and  are  of  interest  as  they  present  some 

of  the  problems  that  will  need  to  be  resolved  to  insure  proper  sealant  applica¬ 
tion: 

"a.  Great  difficulty  was  encountered  in  applying  fillets  between  the  upper 
fuel  dams  and  rib  cnords  as  tids  area  is  out  of  direct  line  of  vision 
and  irdrrors  must  be  used.  Allowing  the  upper  fuel  dams  to  extend  out 
beyond  rib  chords  would  eliminate  this  problem. 

b.  Fillets  around  fuel  dams  must  be  faired  by  holding  the  fairing  tool  at 

right  angles  to  the  fillet  rather  than  parallel  to  the  fillet  due  to 
close  quarters. 

c.  Some  injection  holes  were  too  small  to  allow  passage  of  sealant.  Some 
were  of  such  dimensions  (long  and  narrow)  as  to  allow  excessive  sealant 
backflow.  Injection  holes  should  be  large  enough  to  receive  nozzle, 
but  small  enough  to  prevent  excessive  backflow  of  sealant. 

Pillst  dimensions  are  such  that  some  fillets  overlap  rivets  making 
fairing  of  fillets  difficult.  Should  any  of  these  rivets  leak  and 
require  re— striking,  damage  to  the  adjacent  fillet  may  result. 

e.  Some  method  should  be  provided  for  attaching  mirrors  and  portable 
lights  to  structure,  thus  leaving  both  hands  free  for  sealing.  Suction 
cups  could  possibly  be  used. 

f.  Seraco  nozzles  with  greater  angles  in  then  (90®)  were  needed  for  applica¬ 


tions  to  some  areas. 
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Phase  III;  Sealing  the  Cubes  (Continued) 

g.  Some  AN  bolts  in  fuel  dams  were  too  close  together  and  too  close  to  the 
radius  of  structure  to  allow  proper  application  of  seal  caps  to  these 

Some  of  these  bolts  were  out  of  line  of  vision  aiiu  properly 
sealant  around  bottom  of  seal  caps  on  these  bolts  was  very 
difficult, 

h.  Application  of  PR-1422  to  vertical  or  overhead  areas  was  difficult  due 
to  excessive  flow  or  slump  of  this  compound.  It  was  necessau’y  to  build 
Up  the  full  bodied  fillets  in  these  areas  in  several  applications, 
allowing  time  between  eacn  application  for  the  sealant  to  become 
tack-free." 


Phase  IV;  Accelerated  Cure  Test 


Tests  were  conducted  to  determine  if  hot  air  blowers  could  be  used  for  acceler¬ 
ating  the  curing  rate  of  sealant  in  structure  similar  to  the  integral  wing. 

This  test  was  performed  in  one  of  the  test  cubes,  the  main  purpose  being  to 
measure  the  temperature  variations  throughout  the  cube  when  hot  air  was  fed  into 
one  opening. 


Air  at  approximately  140°P.  was  fed  in  through  a  flexible  duct  and  the  tempera¬ 
ture  at  various  surfaces  was  measured  by  taping  thermocouples  to  these  surfaces 
within  the  cube,  ihe  stabilized  temperatures  in  this  case  varied  from  102  - 
130®!',  Air  was  then  fed  in  at  approximately  160®F,  and  an  attempt  was  made  to 
baffle  the  air  into  the  cube  t^  obtain  more  unifonn  circulation.  Temperatures 
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Phase  IV:  Accelerated  Cure  Test  (Continued) 


were  found  to  range  fron  110  -  129°F.  These  large  tempserature  variations  would 
not  allow  uniform  curing;  consequently,  it  was  concluded  that  some  type  of 
insulation  on  the  exterior  surfaces  would  probably  be  necessary  to  minimize 
heat  loss  if  this  metnod  of  accelerated  curing  was  used* 


Phase  V;  Leak  Testinc  of  Sealed  Cubes 


Upon  the  completion  of  sealing  and  curing,  each  cube  was  leak  tested  by  Povrer 
Plant  and  Process  Sealants  personnel.  The  following  leak  detection  methods 
were  used:  1,  Ammonia  -  Boeing  Leak  Detection  Paint,  Type  F 
2.  Ammonia  -  Phenolphthalein 
3«  Gener  il  Llectric  Halogen  Leak  Detector 
4*  iV®<l  fuel 
5«  Differential  pressure 

It  is  not  intended  that  this  section  should  evaluate  or  compare  the  advantages 
of  the  above  methods  of  leak  detection.  A  report  on  leak  detection  has  been 
written  evaluating  each  method  (Reference  I.). 

Table  II  tabulates  the  leaks  found  in  each  cube,  location,  method  of  detection, 
cause  of  leak,  and  steps  taken  to  stop  the  leak.  Of  the  8  leaks  found,  7  were 
due  to  fasteners  and  1  was  due  to  a  cracked  fuel  dam. 


Phase  VI:  Environmental  Testing  of  Sealed  Cubes 


A.  Aging  of  Sealant  (reference  F;  213-2,  page  3) 
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Both  cubes  were  filled  with  modified  JP-4  test  fluiu  (AiiTJ  W-83,  IVpe  li) 

of  the  following  composition: 

Toluene  30  volumes 

Cyclohexane  60  " 

Iso-octane  10  ” 

Tertiary  butyl  disulfide  1  ” 

Tertiary  butyl  mercaptan  0.015  weight  percent 

The  cubes  were  heated  to  130“F,  for  24  hours  at  3*5  psig.  Pressure  was  then 

raised  to  6.0  psig  for  30  minutes,  ho  loss  in  pressure  was  observed  during 

this  period.  The  cubes  wore  tnen  drairiei  and  heated  to  l60°r’l  for  48  hours 

at  atmospheric  pressure.  Then  6  psig  pressure  was  applied  for  30  minutes 

and  the  cube  was  again  foona  to  be  leak-free. 

B.  Cyclic  Test  (reference  P,  213-2 j  page  3) 

The  cubes  were  filled  with  modified  JP-4  test  fluid  and  the  temperature  was 
reduced  to  -65°P.  for  24  hours  at  atmospheric  pressure.  The  cubes  were 
examined  and  no  leaks  were  ooserved.  The  cubes  were  then  sub jected- to  1000 
pressure  cycles  at  -65®P.,  a  pressure  cycle  being  frora  ♦  6  psig  to  -  1.5 
psig  to  6  psig.  Actual  pressures  varied  from  6  to  8  psig  on  the  positive 
side  and  to  1.5  to  2.5  psig  on  the  negative  side.  Time  required  for  the 
1000  cycles  was  approximately  14  hours;  No  fuel  leakage  was  found  on  conv- 
pletion  of  these  tests. 

C.  Slosh  and  Vibration  Tests  (reference  F;  213-3 1  p>age  1) 

The  slosh  and  vibration  tests  were  conducted  with  the  two  cubes  fi3J.ed  two- 
thirds  full  of  modified  JP-4  test  fluid  circulating  at  -65®?.  The  vibra¬ 
tion  test  was  conducted  simultaneously  with  the  slosh  test  for  the  first  25 
hours.  The  slosh  test  was  then  continued  for  an  additional  15  hours. 
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Phase  VI:  Environmental  Testing  of  Sealed  ^ubes  (Continued) 

The  two  cubes  were  mounted  in  rigid  steel  support  structures  and  fastened 
to  the  frame  of  the  slosh  and  vibration  table  in  such  a  manner  that  the 
representative  spars  were  rotated  36  degrees  to  the  axis  of  rotation.  The 
cubes  were  vibrated  for  about  three  hours  before  ihe  load  distributions 
were  adjusted  to  give  the  desired  dispiaoemciits.  The  average  displacement 
for  the  25  hours  of  vibration,  taken  four  points  on  each  cube,  was  U.U353 
inches  at  a  frequency  of  200  CPU.  The  slosh  test  was  conducted  for  40 
hours  under  conditions  of  10  to  16  CH'i  through  a -total  angle  of  30  degrees, 

15  degrees  each  side  of  the  horizontal.  On  completion  of  the  test,  the 
cubes  were  pressure  tested  at  6  psig  for  20  minutes.  There  was  no  leakage. 

The  cubes  were  opened  and  examination  of  the  sealant  revealed  no  damage. 

D.  Load  Test  (reference  G)  J 

The  Structural  Test  Unit  designed,  fabricated,*  and -installed  the  loading 
jig  for  the  load  cycling  test,  and  assisted  in  completion  of  the  tests. 

The  test  cubes  were  mounted  in  the  loading  jig  in  such  a  manner  that  the 
loading  of  130,000  pounds  was  applied  to  botn  cubes  simultaneously.  The 
load  on  the  lower  surface  was  applied  diagonally'across  the  cube  at  43® 
off  the  rib  centerline.  The  load  at  the  upper  surface  was  applied  at 
right  angles  to  the  load  at  the  lower  siorface.  Ati-2  strain  gauge  rosettes 
for  measuring  panel  stress  were  appliea  to  cube  No.  2.  The  gauges  were 
applied  bacK  to  back  on  the  panels  in  pairs,  1  and  2,  3  s^f^d  4*  etc.  Loads 
were  applied  to  the  cubes  by  means  of  hydraulic  rams.  Tension  load  cells  were 
used  in  conjunction  with  load  cell  indicators  to  indicate  applied  loads. 


FORM  E-1686  R2 


REVtseO 


D3-27S0 
Addenda  C 
ft^e  56 

D3.2434 

Phase  VI;  i:hvironmental  Testing  of  Sealed  Cubes  ( Continued i  ^ 

Another  indicator  was  used  to  indicate  induced  stresses  as  measured  by  the 
strain  guages  on  cube  No,  2, 

Three  static  tests  were  made  on  the  cubes  prior  to  the  cycling  test.  Cubes 
were  eiapty  and  at  room  temperature.  In  each  case,  the  load  was  applied  to 
100^  in  10/to  increments.  In  the  first  two  tests,  the  load  was  decreased  from 
100^  to  50^  and  then  to  0^.  In  the  third  test,  after  100/S  was  reaciied,  the 
load  was  decreased  to  0/S  in  20;S  increments. 

The  cubes  were  then  filled  with  modified  JP-4  test  fluid  and  cooled  to  -65OF. 
at  6  psig  pressure  by  circulating  the  fluid  through  a  tank  containing  dry 
ice.  The  cubes  were  then  subjected  to  1000  cycles,  a  cycle  being  from  0/S 
to  100;S  to  0,S  (100^  s  130,000  pound  load).  At  the  completion  of  the  1000 
cycles,  the  cubes  were  wanned  to  a  fluid  temperature  of  70°?.  and  a  final 
static  test  at  6  psig  was  performed.  The  load  was  applied  to  lOO^S  in  10:S 
increments,  then  decreased  to  50^  and  finally  to  0;S, 

No  leakage  was  observed  during  the  load  tests,  btrain  gauge  readings  were 
taken  throughout  the  test.  The  maximum  shear  measured  occurred  on  the  top 
Skin  and  reached  a  value  of  8,500  psi.  Stress  results  were  negli/gible; 
consequently,  no  data  is  included  in  this  report,  although  triis  data  is 
available  through  the  Structural  Test  Unit. 

B.  Pinal  Pressure  Testing 

Upon  completion  of  all  tests  the  cubes  were  pressurized  to  ♦  9»5  psig  Tor 
30  minutes.  There  was  no  loss  of  pressure,  A  negative  pressure  of  -2,5  psig 
was  applied  to  both  cubes  for  3U  minutes.  There  was  no  pressure  change. 
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HiSSULTS 

A.  New  Sealants  (Phase  II) 

Of  the  nine  new  sealing  comptounds  tested  under  reference  C,  Products  riesearch 
Company  PH-1422  was  found  the  most  satisfactory.  This  sealant  was  used  to 
seal  test  cube  No.  2. 

B.  Sealing  the  Cubes  (Phase  III) 

Application  of  PH-1422  was  much  more  difficult  than  the  application  of 
BMS  5-19  due  to  excessive  flow  (or  slump)  and  short  work-life. 

General  sealing  of  the  two  cubes  was  difficult  due  to  the  close  quarters  and 
new  structural  design  (tanK  end  ribs).  Some  areas  out  of  direct  line  of 
vision  were  extremely  difficult  to  seal  properly.  Problems  encountered  are 
listed  in  Phase  III. 

C.  Accelerated  Cure  Test  (Phase  IV) 

Use  of  hot  air  blowers  to  accelerate  the  cure  of  sealant  in  the  integral 

will  probably  require  the  use  of  some  type  of  insulation  on  the  exterior 
surfaces  to  obtain  even  temperature  distribution,  otherwise  cold  spots  will 
result  in  uneven  curing  of  sealant  (see  Phase  IV), 

C.  Leak  Testing  of  Sealed  Cubes  (Phase  V) 

Upon  leak  testing  the  sealed  cubes,  eight  leaks  were  found  (four  in  each 
cube).  LeaKS  were  due  to  four  leaking  fasteners  and  a  crack  in  a  fuel  dam 
(see  Table  II), 

E.  Environmental  Testing  (Pliase  VI) 

Upon  completion  of  all  environmental  testing  of  the  two  cubes,  they  were 
pressure  tested  at  ♦  9»5  psig  and  —2.5  psis*  There  was  no  leakage 
(reference  E;  213-3 »  page  2;. 

The  cubes  were  opened  and  examination  revealed  no  damage  to  the  sealant  or 
structure.  The  two  test  cubes  appeared  to  be  equal  in  ability  to  withstand 
the  environmental  test  conditions  to  which  they  were  exposed. 
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TrPii  OF 
APFi^ICATlON 


WATiiHIAL 

USED 


•:iUANTI‘rY 

HEjUIxiiiD 

LB. 


APPLICATION 

TIME 

HriS. 


CLEANING 
UPPER  2/3 
LOWER  1/3 


MIl-o-7502 

SOLVENT 


12.75 

8.50 

21.25 


INJECTIONS 

TOP 

BOTTOH 


PR9021 
TYPE  B 


BiiUSHCOATS 


PK9021 
TYPE  A 


14.75 


FILLETS 

PRIMARY 

SECuUDArtY 

FASTENERS 

TOTALS 


PR9021 
TYPE  B 


3.14 

3.73 

8.76 


18.25 

15.17 

6.67 

40.09 


TOPCOAT 


ECI527 

EC776-R 


3.09 

8.26 


TOTALS 


13.66  LB. 
MATERIAL  APPLIES 


87.02  HRS. 
TOTAL  TIi-iE  REO'J 


MATERIAL  AND  TIME  REliUIRED 
TO  SEAL  CUBE  n 
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illustration  no. 
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D  3 -2780 
Addenda  C 
Page  62 


A££T£^£AA/S‘  C0A^f»A/VV 
w/cMfrA  amsfmf 


D3  -2434 
Page  18 


ILLUSTHA'J 


r 


ED 


FORM  E-t686  R2 


Rf:V  ISED 


03-2780 
Addenda  C 
Page  66 

D3  -2434 
Page  22 


B'//-157725 


FORM  E-t686  R2 


FORM  E-1686  R2 


WfCM/TA  0/WM/at¥ 


D3-2780 
Addenda  C 
Page  68 


03-2434 
Page  24 


BW-132362 


X 


FORM  E-1686  R2 


BW-l 57727 


REVISED 


WfCMfrA  BHWMtOM 


D3  -2780 
Addenda  C 
Page  69 

D  3 -2434 
Page  25 


BW-132360 

BW-157728 


FORM  E-1686  R2 


wtftctuTA 


D  3 -2780 
Addenda  C 
Page  70 

D3-2434 
Page  26 


BW-132366 


BW-157729 


FORM  E-1686  R2 


W¥i£;MfrA  anrtsfOM 


D  3 -2780 
Addenda  C 
Page  71 

D3-2434 

Page  27 


BW-132370 

BW-157730 


FORM  E-1686  R2 


REVISED 


TEST  CUBE  NO.  1 

BW-134346 

RT  FWD  CORNER 

BN-1 57731 

FORM  E-1686  R2 


ReVtSED 


FORM  E-1686  R2 


REVISED 


m/iCHfTA  ai¥9MiOM 


D 3-2780 
Addenda  C 
Page  74 

D3-2434 
Page  30 


TEST  CUBE  NO.  1 

RW-134350 

RT  AFT  CORNER 

BW-157733 

FORM  £-1666  R2 


REVISED 


aa^fj¥C  Afjrff£.AAfiF 


WiCHfTA 


\ 


OftVMtOM 


D  3 -2780 
Mdenda  C 
Page  75 


D3-2434 

Page  31 


TEST  CUBE  NO.  1 
LEFT  AFT  COBNER 


a^-134352 


BW-157734 


FORM  E-1686  R2 


REVISED 


D  3 -2780 
Addenda  C 


AW^£AAf^  COAAA^AAfr 

wnemr/t  mtftMtoM 

Page  76 

D  3 -2434 
Page  32 


TEST  CUBE  NO.  2  BW-134347 

‘  FT  FWD  CORNER 


BW-157735 


FORM  E-1686  R2 


TEST  CUBE  NO.  2 
LEFT  FWD  CORNER 


a^-134349 


FORM  E-I686  R2 


REVISED 


TEST  CUBE  NO.  2 

RT  AFT  CORNER 

BM-134351 

BW-157737 

FORM  E-1686  R2 


D3  -2780 
Addenda  C 
Page  79 

D3-2434 
Page  35 


TEiST  CUBC  NO*  2 
LEFT  AFT  CORNER 


BW-134353 


BW-157738 


FORM  E-1686  R2 


maSTAfC  COm^AAfr 


D 3 -2780 
Addenda  G 
Page  80 

D3-2434 

Page  36 


BW-155843 


BW-157739 


FORM  E-1686  R2 


revised 


W/CMfTA  mittMOM 


D  3 -2780 
Addenda  C 
Page  82 
D 3 -2434 
Page  38 


3;V-1 57741 


RIGHT  OBLIQUE  VIEW  OF  TEST  SET-UP 


REVISED 


W/CtUTA 


D  3 -2780 
Addenda  C 
Page  83 

03-2434 
Page  39 


BW-1 57742 


FORM  E'1686  R2 


INBOARD  END  VIEW  OF  CUBE  TO  WHICH  GAGES  WERE  APPLIED 


H»-  V  l£F  D 


REVISED 


at£Af»£AA/e  ce^mgAA/vv 

wtcttfrA  mtrfsto*/ 


D  3 -2780 
Mdenda  D 
Page  85 


P-52  engineering  development  program  . 


1^9#  I  2 


Dat.:  10-15-58 
R,,..  1-15-59  WR. 


STATEEiT  OF  WORK; 


A.  Background  and  Objectives 


1,  Basic  Req\iireiaent  for  Application  of  HIL-S-4383  Topcoat 

Material  to  Interior  of  Integral  Fuel  Tanks. 

The  original  requirement  for  topcoating  of  integral  fuel 
tanks  was  for  the  protection  of  sealant  iraterial  from  the 
solvating  action  of  the  fuel.  Fuel  resistant  sealants  have 
now  been  developed  which  no  longer  require  this  protective 
topcoat.  However,  higher  strength  altininum  alloys  are 
being  used  more  and  more  extensively  and  such  alloys  are  more 
susceptible  to  corrosion  unless  adequately  protected.  Since 
this  topcoat  material  was  fuel  and  moisture  resistant  it  was 
natural  that  it  should  be  used  as  a  barrier  material  for 
corrosion  protection  of  the  metal  structure, 

2,  Application  and  Service  Experience, 

On  small  tanks,  protection  of  sealant  by  fill  anti  drain  or 
biaish  application  of  the  topcoat  material  is  Tidily  accom¬ 
plished,  Service  experience  has  shown,  however,  that  for, 
effective  application  the  siirfaces  must,  be  thordur'lily- clean, 
film  thickness  closely  controlled  and  the  applie'd’' film  must 
be  completely  cured  before  being  subjected  to  service.  -  The 
MIL— S— 4383  topcoat  materials  have  relatively  low  adhesion 
and  aiiy  change  from  optimum  surface  preparation  or  cure 
cycle  adversely  affects  even  this  marginal  adhesion. 

On  complex  structures,  such  as  integral  wing  tanks  of  large 
aircraft,  such  as  B— 52G,  fill  and  drain  coating  application 
is  all  but  impossible.  Brush  application  can  be  accomplished 
In  most  Instances; however,  the  quality  of  such  application 
is  questionable  and  the  time  element  for  application  is 
staggering. 
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Se&liag  State  of  the  Art  VR|j 

Us®  of  6  fuel  resistant  sealant  which  requires  no  topcoat 
has  been  adequate  for  sealant  purjxjses.  However,  metal  surfaces 
Which  hfivo  not  been  coated  or  sealed  have  sho'tn  evidence  of 
^sufficient  corrosion  protection.  It  is  interesting  to  note 
hero  that  panels  prepared  in  the  laboratory  and  those  from  the 
factory  do  not  correlate  as  far  as  coinrosion  resistance  is 
concerned.  This  has  been  sho'wn,  by  laboratory’-  tests,  to  be 
the  result  of  shop  "soil"  and  machining  stress  which  has  not 
been  renoved  by  normal  metal  cleaning  procedures# 

It  has  also  become  apparent  that  faying  sui'faces  must  be 
protected  to  eliminate  the  possibility  of  corrosion  therein 
and  to  prevent  abrasion  of  cheinical  conversion  coating,  and 
corrosion  of  high  strength  alloys  subjected  to  sliop  soils 
and  cori*osive  a-tmosphere. 

Observation  of  parts  tioing  through  fabrication  and  asse^ibly 
po^t  to  a  definite  need  for  finish  of  detail  p.arts  as  soon 

possible,  Tnis  would  raininize  abrasion 
of  chemical  finish^ ^ailcw  optimum  cleaning  before  enplleatiop 
of  flniah  and  afford  maxlrara  corrosion  pi'otection  to  lotegiral  ' 
fuel  tank  parte. 

Since  KIL-3-4383  material  designed  as  a  sealant  overcoating 
to  proteettenk  eeelcnts  from  the  leaching  effect#  of  jet  fuel 
and  «ince  Esaleoit  technology  h&s  ed-v'smeed  beyond  the  need  for 
overcoating,  cerrosien  protection  should  be  afforded  by  a  fuel 
re#l(rtant  finish  applied  to  detail  pjrts.  This  v’ould  afford 
caxliauHi  protection  provided  the  ce-vsr  fuel  resietnnt  corrosion 
protective  materials  are  entirely  compatible  adiiotion-vlBe  vlth 
sealant  material. 
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It  is  proposed  herein  that? 

1.  The  newer  fuel  resistant,  corrosion  protective  finishes 
be  investigated  for  possible  qualification  as  a  finish 
for  integral  fuel  tank  detail  parts. 

2.  Tests  ^e  to  be  conducted  tc  deaerrnine  optimum  finish 
to  sealant  corapat  fcillty.  This  tfill  establish  not  only 
fuel  resistant,  corrosion  protective  coating  for  the 

select  a  finish  which  is  compatible 
with  the  sealant,  i.e.,  a  coating  to  which  sealant  will 
adhere  equal  to  or  better  than  to  bare  or  conversion 
coated  metal. 

3.  After  the  Initial  selections  have  been  made,  the  more 

optijnm  systems  (finish/sealant)  shall  be  applied  to  a 
test  ta^.  This  test  shall  consist  of  heat-cold  cycling 
and  fuel  soak  to  pi^vide  preproduction  dc^ta,  * 

B,  Description  of  Work  LT-829,1 

Follo^^^^* 

a.  Metal  Anchorage 

b.  Fluid  Resistance 

(1)  Distilled  water  —  7  days, 

(2)  Jet  reference  fuel  -  7  days. 

(3)  MIL-0-5606  fluid  -  7  days. 
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II.  ST/.IEH3vT  OF  l.'oaK: 


1.  New  Epo^  and  Polyurethane  Coatings  Shall  be  tested  as 

rollows:  (continued) 

c.  Corrosion  Resistance  -  500  hrs, 

d.  Cycling  Humidity  Resistance  -  500  hrs, 

e.  Low  Temperature  Flexibility, 
i»  Fuel  Contamination,  • 

2.  Those  coatings  which  show  superior  qualities  in  the  above 
testing  shall  be  selected  for  LT-2  test  procedure. 


d  .  Description  of  Work  11^25.2 


1.  The  Adhesion  of  Integral  Fuel  Tank  Sealants  to  Finishes 

wiiich  show  definite  promise  under  LT-1  shall  be  tested  as 
xoilows: 

a.  Variation  m  sealant  adhesion  due  to  finish  thickness, 

b.  Variation  in  sealant  adhesion  due  to  finish  ciire  time. 

c.  Variation  in  sealant  adhesion  due  to  action  of  nre- 

sealant  cleaner,  ^ 

^  sealant  adhesion  due  to  sealant  cure. 

^  sealant  adhesion  under  optimum  conditions 
due  tfO  enviTorijr.ental  exposure* 

f.  V^lation  in  sealant  adhesion  due  to  possible  sealant/ 
finish  Incompatability,  ^ 

per^3KS^5^l6^^^  shall  be  done  as  outlined  under  "Peel  Test" 


Jk  Description  of  Work  LT^a^3 


MaterL-as  tested  under  LT-2  and  which  show  acceptable 
Finish/Sealant  compatibility  shall  be  further  tested  as 

X OxXOWS • 

Ihe  material  shall  be  applied  to  detail  parts  of  fuel 
cubes  shall  be  assembled  and  sealant 

fillets  applied. 

These  test  cubes  shall  be  filled  with  reference  fuel* 
to  2/3  total  capacity  and  plugged, 

*  KII/-P-5624C  Grade  JP-4 
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D.  Description  of  Work  LT-3* 


Peg#!  6 
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The  test  cubes  so  filled  shall  be  subjected  to  beat-  I 

cold  cycling.  Test  cubes  shall  be  opened  at  the  end  I 

'  of  30  days  and  exarained  for  evidence  of  corrosion  i 

and/or  sealant  finish  breakdovn.  This  test  cycle  shall  | 

be  repeated  on  a  30  day  basis  until  three  months  of  .  § 

cycling  shall  be  completed.  I 

S.  Assignments.  1  ' 

1.  LT  829-1.  Materials  and  Process  Unit  Protective  Finish  Group  I 

I  ; 

a.  Coordinate  developnent  of  nev  finish  material  vith  leading  I 

paint  manufacturers.  | 

b.  Conduct  screening  tests  of  best  submissions  from  paint  vendors  |  _ 

using  BKS  10-1?  Type  I  as  control  (SV/  Eii2(}P13  *  V66KP11  Converter)  | 

c.  Conduct  final  q.ualificatlon  tests  on  materials  vhich  pass  I 

screening  tests.  | 

d.  Submit  coated  panels  of  best  finishes  to  Sealant  Groi^  for  | 

sealant  adhesion  studies.  I 

e.  Assemble  and  coat  test  tanks  as  necessary  to  assist  I 

System-Materials  Group  in  conducting  static  tank  testing.  | 

I 

f.  Evaluate  finishes  at  30  day  intervals  dxiring  tank  test  i 

program  (LT  829-3)*  | 

g.  Vrite  specification  for  integral  tank  coating  material  I 

end  release  final  report  to  include  sQ.1  phases  of  laboratory 
testing. 

2.  LT  829-2.  Materials  and  Process  Unit  Sealant  Group 

a.  Conduct  sealant  adhesion  tests  on  all  paint  finishes  | 

submitted  by  Protective  Finish  Group  as  a  resxilt  of  i 

LT  829-1.  Adbieslon  testing  to  be  done  as  outlined  under  3 

peel  test  per  EM3  5-26.  | 
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b.  Apply  sealant  material  to  test  tanks  as  necessary  to  assist  Systems 
Materials  Group  in  conducting  static  tank  testing  phase  LT  829-3. 

c.  Evaluate  seedant  properties  at  30  day  intervals  during  tank  test 
program  LT  829-3. 

d.  Write  suranary  report  on  sealant  adhesion  to  finish  materials  and 
submit  to  Protective  Finish  Group. 

LT  829-3-1  -  Materials  and  Process  Unit,  System  Materiads  Group 

a.  Fuel  the  test  tanks  and  conduct  hot  and  cold  cycling  tests  at  30  day 
intervals.  Slosh  tanks,  once  dally,  to  wet  an  surfaces. 

% 

b.  Open  tanks  evei*y  30  days  for  finish  and  sealant  inspection. 

c.  Sample  fuel  each  30  days  and  determine  properties  changes  res\ilting 
from  finish  or  sealant. 

d.  Submit  summary  report  on  tank  testing  to  Protective  Finishes  Group  at 
the  end  of  12  months. 

LT  829-3-2  -  Materials  and  Process  Unit  Protective  Finishes  Groiq), 
Sealants  Group'  and  Systems  Materials  Group 


WR. 


WR3 


a.  Disassemble  aid  4  ft.  x  4  ft.  x  4  ft.  test  tankft  into  detail  con5)onent8 
and  remove  old. sesdant  and  top  coating  (Sealants  Group). 

b.  Apply  Sherwln  Williams  E42GP13  primer  to  detail  parts  of  test  tanks 
after  cleaning  and  Iridite  14  treatanent.  This  material  has  been 
selected  as  a  result  of  test  in  fuel  call  study  and  conclusion^  of 
3  month  e:q>osure.  (Protective  Finlch  Group) 

c.  Re-assemble  tank  and  seal  with  coast  pro-Seal  890.  Note:  Repair  leaks 
after  sealing  check  for  leakage. 

d.  Conduct  Qualification  Test  Based  on  Requirements  of  b2-lo5T  "Pre-production 
Test  in  Model  B-52G"  (Power  Plant  Laboratory) 

(1)  Dyed  JP-4  Leakage  Test 
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(a)  Positive  Internal  presemre  of  11  palg. 

(b)  Hold  pressiire  24  boura 

(c)  Cbeck  for  leakage 

(d)  Repair  amy  sealant  leaks  (Process  Sealants) 

(2)  Sealant  Aging  Test 

(a)  Fill  tank  2/3  full  of  Effl  5-26  reference  fluid  and  I/3 
full  salt  water  (35^)» 

(b)  Maintsiln  filled  tank  at  l4o*P  for,  seven  days 

(3)  Cyclic  Pressure  Tests  I 

/  \  i 

(a)  IfOOO  pressure  cycles  while  at  condition  in  paragraph  d*  (2)»  j 

* 

(b)  Cycle  to  consist  of  3  minutes  duration  from  6pslg  to  -1.5p8igc  j 

(4)  Drain  tank,  dry  at  I60  ±10*F  for  72  hours,  refill  with  JP-4.  j 

-  -  ■  ,  -  i 

(5)  Slosh  and  vibration  (Section  V  of  D3-II36)  except  pressure  test  * 
for  24  hours. 


e.  Slosh  and  vibration,  hot  and  cold  cycle,  sealant  ageing  tests  per 
D2-I657  are  to  be  performed  on  additional  test  finishes  on 
12x12x6  Inda  tank  (Systens  Ksterlals  Group), 

fo  Submit  Import  to  Protective  Finishes  Grotg>  by  I5  July  1959. 

Systems  Lab  -  H,  Holmes 

a.  l^red  JP-4  Leakage  Test, 

b.  Combination  sealant  ageiisg  and  cyclic  pressure  test, 

c.  Dry  soak  at  l60*. 

d.  Slosh  and  vlbretlon  test 


UR. 
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6.  LT  829-3-3.  Materials  and  Process  Unit  Protective  Finishes  Group, 

Sealants  Group,  Systems  Materials  Oroup,  and  Systems 
Laboratory 

a.  Strip  and  inhibit  corrosion  on  old  4  ft.x4  ft.x  4  ft.  test  tank 
(Protective  Finishes  Group). 

b.  Replace  abraded  sealant  fillets  (Sealants  Group). 

c.  Apply  BMS  10-39  "to  interior  of  tank  (Protective  Finishes  Group). 

d.  Cure  finish  for  72  hours. 

NOTE:  Repair  leaks  after  sealing  check  for  leakage. 

e.  Conduct  qualification  test  bases  on  requireiaents  of  D2-1657 
"Pre-production  Test  IPT  Model  B-52G  (Systems  Laboratory  - 
H.  Holmes). 

(1)  Dyed  JP-4  Leakage  Test 


(a)  Positive  internal  pressure  of  11  psig. 

(b)  Hold  pressrire  24  hours. 

(c)  Check  for  leakage. 

(d)  Repair  any  sealant  leaks  (Process  Sealants). 

(2)  Sealant  Aging  Test 


(a)  Pill  tank  2/3  full  of  BMS  5-2S  reference  fluid  and 
1/3  full  salt  vater  (35»). 

(b)  Maintain  filled  tank  at  l4o*F  for  seven  days. 

(3)  Cyclic  Pressure  Tests 

(a)  1000  pressure  cycles  vhlle  at  condition  in  i>aragrai^ 
6.e(2). 

(b)  Cycle  to  consist  of  three  minutes  duration  from  +6 
psig  to  -1.5  psig. 

(4)  Drain  tank,  dry  at  lb0*±10*?  for  72  hours,  refill  vith  JP-4. 
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1070 
MODEL  B-52 
DAIE;  ll-2-59Rj^ 

TITLE:  FIIGHT  TEST  OF  BIS  10-39  HJEL  TAIGC  COATIIia  MATERIAL 


AUTflORiZED  BY:  Contract  AF33(oOO)-3911l4-  CCK  W-U3  (ON-1223)  Rl 

REFEREKCES:  (a)  DocuKent  D3"22Vf,  "Developnent  of  a  Fuel  Task 

Coating  Confcroing  to  E^S  10-39" 

(b)  Document  D3-2393,  "Laboratory  Investigation  of 
Corrosion  Protection  in  B-52G  Integral  Fuel  Tank" 

(c)  "Integral  Fuel  Tank  Finish  System",  EDP  829 

(d)  Boeing  llaterieil  Specification  10-39,  "Fuel  and 
Moisttire  Resistant  Finish  for  Fuel  Tanks" 

BACKGROUIH)  AID)  PURPOSE  OF  TEST  • 

The  original  reijuirenent  for  topcoat ing  integral  fuel  tanl:s  vas  for  the 
pui-pcse  of  protecting  the  sealant  naterial  from  the  solvent  action  of  the 
fuel.  Fuel  resistant  sealants  have  ncv  been  developed  vhich  no  longer 
require  this  protective  tcuccet.  Hcvever,  high  strength  alvaninum  alloys 
are  mere  susceptible  to  ccrrcsicn  unless  they  are  given  adequate  protec-  R, 

ticn.  Since  IiIL-S-4333  Buna  Cceting  vas  the  raterial  used  to  overcoat  ^ 

sealant,  it  vus  natural  that  it  should  be  chesen  as  a  barrier  material 
for  ccrrcsicn  protection  of  the  metal  structure. 

Laboratory'  data.  References  (a)  and  (b),  indicate  that  the  present  top¬ 
coat  maoerial,  l!IL-3-^3Q3>  is  not  entirely  satisfactory  as  an  integral 
fuel  tank  coating;  This  is  due  in  part  to  a  lack  of  corrosion  inhiblt- 
ing  ...  Q.'.entaticn  within  this  material,  and  to  the  necessity  for  masking 
the  rn-terial  from  the  seal  plane  area.  This  masking  is  necessitated  by 
lack  of  adhesion  between  the  la;L-S-U383  coating  and  the  sealant  material. 

These  shortcomings  of  the  ML-S-U303  material  have  accentuated  search  for 
a  better  finish  system  for  integral  fuel  tank  areas.  This  search  for  a 
new  material  has  been  the  rain  work  accomplished  by  Reference  (c)  testing.  . 
The  report  of  this  work  is  contained  in  Reference  (a)  document.  Reference 
(d)  specification  has  been  written  to  control  procurement  of  material 
meeting  the  requirements  set  forth  for  an  inte^al  fuel  tank  coating. 
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The  study  end  testing^  reported  in  Reference  (a)  docunent^  shov  that 
under  conditions  of  salt  fog,  condensing  hunidity,  and  fuel  soak  the 
nev  E::S  10-3>'  caterial^  P.eference  (d)^  is  superior  in  perfcraance  to 
the  presently  used  ML-S-U3^3  Buna  topcoat.  This  superiority  can  he 
attributed  to  the  very  resistant  resin  of  the  BIS  10-39  naterial,  and 
to  the  inclusion  of  corrosion  inhibiting  pignentetion.  It  IS' pointed 
cut  that  sealant  can  be  applied  over  the  K-3  10-39  coating  naterial 
without  loss  of  sealant  adhesion;  however,  BIS'  10-39  should  not  be 
applied  over  sealant  isaterials.  Further  testing  is  in  progress- whi^^^ 
rcay  elininate  need  to  cask  sealant  before  application  of  coatlngvi 

The  purpose  cf  this  test  is  to  apply  the  MBS  10-39  niateri^ 

interior  of  a  B-52G  integral  wing  tank  to  further  substantiate  laboratory 

and  siculated  tank  data  as  to  the  superiority  of  this  coatir^  systea. 

The  application  of  the  E’-S  10-39  rnterial  will  not  be  required  if  prev- 
iously  used  on  this  airplane  to  conduct  VFP  1111. 

GSI®iAL  KATUBE  0?  TEST  . 


At  least  four  bays  of  each  cain  tank  1,  2,  3,  end  of  a  B-52G  aircraft 
will  be  stripped  of  the  present  Buna  IJ  Coating,  end  finished  with  an 
approved  EM3  10-39  Coating.  Cleaning,  cci'rosicn  control,  and  finishing 
shall  be  xjnder  iirecu  surveillance  cf  the  Protective  Finishes  Group. 

”0  accelerated  or  ebnon  al  flight  test  is  required.  Kenitcrir^  and 
inspection  cf  uhe  interior  of  the  finished  tanks  is  desired  on  a  con- 
ver.  i  ent  br.sj.s.  It  is  anticipated  that  an  e;:a;.iination  approximately 
eveiy  60  days  will  be  sufficient.  It  is  requested  that  this  test  be 
continued  fer  a  minir.um  of  one  year.  Visual  observation  will  be  - 

by  personnel  from  the  Protective  Finishes  Group. 


EKGUhEEFJKG  GROUPS  AFFECTED 

Protective  Finishes  Group 
Flight  Test  Section 


COCRDIhVuT:'?  RESPCirSIBILITY; 
>-..:>oCCIA!TED  urju.GBS! 

TEST  /JRPLAIIE: 

SUPPORT  AIBCPAFT: 


Protective  Finishes  Group 
Ecne 

JB-5aG  AF57-6470 

None 


LIST  OF  GOVERKEhP  PROPERTT;  Rone 


LIST  OF  CCITRACTUR  FJRinSI-IED  Er.UIPMEST 

Romal  spray  equijMaent 
EJ-IS  10-39  coating 
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I.  Product  Design  Section 

A.  Protective  Finished  Group  -  R.  A.  Balbiws 

!•  Shall  monitor  stripping,  cleaning,  corrosion  control 
finishing  of  area. 

2.  Shall  make  visual  observation  on  effectiveness  of  coating 
at  intervals  of  approximately  60  days. 

II.  Plight  Test  Section 

A.  Flight  Test  Operations  Ihilt  -  E.  J.  Sullivan 

!Dils  tmit  shall  be  responsible  for  preparation  of  the  test 
airplane  to  the  desired  conf iguration;  planning,  scheduling, 
conducting,  obtaining  and  reducing  the  test  data  required  by 
the  xest  Outllnej  and  reporting  the  test  progress  results 
to  the  Air  Force  as  contractually  required. 

B.  Flight  Operations  Unit  -  J.  H,  Goodell 

This  unit  shall  be  resronsible  for  over-all  conductance  of 
the  flight  test  to  satisfy  the  requirements  of  the  Test 
Outline. 

Ill .  Test  Outline 

A.  Airplane  Configuration 

1.  A  standard  B-52G  airplane  in  vhlch  the  four  bays  of  the 
main  tanks  1,  2,  3  and  k  have  been  stripped  of  the 
N  coating  and  finished  vith  an  approved  BtlS  10-39  coating. 

B.  Test  Procedure 

1.  Accomplish  flight  testing  concurrent  vith  other  tests.  Ro 
flights  shall  be  conducted  specifically  for  this  test. 
Testing  to  continue  for  approximately  one  year,  vith  in¬ 
spections  approximately  every  60  days. 
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C.  Data  Required 


1.  ^10-39  fuel  tank  coating  naterial  vill  be  evaluated 
to  deternlne: 

Corrosion  protection  qualities 

b.  Film  integrity 

c.  Resistance  to  vlbratloa 

d.  Resistance  to  solvent  action  of  fuel 

e.  Rqiairabillty 

D.  Instrumentatloa 
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B-gg  FLIGirr  TEST  C-mr.1!:  M»Mr^ 


TITLE; 


PRELIMINARY  EVALUATION  FLIGHT  TESTS 
OF  FUEL  ANTI-ICINO  ADDITIVES 


ITO  liu 
MODEL  B-S2 
DATE:  MOV  2  1955 


MmiOilwa  BY:  Contract  AF33(600).39UI.  OOs  v-H  (OB-lajO) 
REFERENCEi  (a)  aMC  TWIT  Tuc'ir  7*7  t?  * 

(b)  KP  93li,  "Evaluation  of  Fuel  Additives  and 
Fuel  Screen  Coatings  to  Improve  Lotr 
Temperature  Opera tiono" 

(c)  EDP  871,  "Fuel  Icing  Investigation" 

Cd)  Document  D3-2135,  "Fuel  Icing  Investigation" 

(e)  WATC  WCLPPFF  to  Distribution,  dated 

for^Jet^lJei  Anti-Icing  Additives 

153-2092-1,  "Instrumentation 
S^cification  for  Flight  Testing  JB-520  Air¬ 
plane  AF57-61i70"  air 

BACKGROUND  AND  PURPOSE  OF  TEST 

Item  duo  t^the^poSntlal°of'lL'*r°°°^7'”*  "rater,  io  a  problem 

r:r- ao„ 

flichta  at  XU  result  of  this  phenoniena.  Lone 

oulfi^  roduoefb?L  J,  “Want  tomporatu^^r.- 

fuelS  ^:otl^a^J.“duc:  on^rb^T?:;!  -«.r'In 

formation  of  free  water.  This  cendifioi  J-f  results  in  the 

tanks  than  bladder  ceU;.  ^esen?JfJhe  fllT 

eliminate  engine  fuel  svsteT^inS^^  ^  heaters  are  used  So. 

be  an  alternate  for  engine  fuel  s^ten  additive  could 

tional  protection  to  the  airDl;4n^^!!?  ^  provide  addi- 

tank  samp  drain^e.  ^  ^  ^tter  fuel 
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COORDINATING  RESPONSIBILriTs 
ASSOCIATED  CHANGES* 

TEST  A  BIPLANE* 

SUPPORT  AIRCRAFT 

LIST  OF  GOVERMENT  PROPERTT* 

Three  (3)  Fueling  Trailers 


Fuel  Systems  Group 
None 

B-520  AF57-6U70 
KC-135 


LIST  OF  CONTRACTOR  FURNISHED  BQUIR'ENT* 


VFT  nil 
Page  3 


Analytical  laboratory  equipmapt  necessary  to  analyze  additive  and  water 
concentratlonso 


Pumps  and  plumbing  required  for  blending  of  adiiitive  into  the  fuel,  and 
saturating  fuel  with  water 

WORK  OUTLINE 

I.  Product  Design  Group  '  — 

A.  System-Materials  Group  -  C.ft.  Sponsler 

lo  Monitor  the  entire  test  program  pertaining  to  Materials 
and  Process 

2,  S&raple  and  analyze  blends  of  fuel  and  additive  for  additive' 
and  water  content  of  the  fuel  at  (1)  blend jjig  trailers, 

(2)  airplane  tanks  before  flight,  and  (3)  airplane  tanks 
after  flight. 

3*  Monitor  the  topcoating  and  sealing  inspections  conducted 
after  every  ten  calendar  days , 

0  ■ 

h.  Responsible  for  inspection  of  bladder  cells  and  other 
elastomeric  materials  in  all  fuel  tanks  in  the  airplane. 

5.  Write  formal  report  on  material  compatability.  Furnish 
to  Fuel  Systems  Group  for  attachment  to  final  report. 

B.  Finishes  Group  -  R.A.  Balbierz 

1.  Responsiblii  for  monitoring  the  application  of  topcoating 
material  in  each  integral  test  fuel  tank. 
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2.  Responsible  for  Inspection , of  the  topcoating  (l)  before 
flight  testing,  and  (2)  after  every  10  calendar  days. 

3»  Job  outline  shall  be  submitted  to  the  System-Materials 
Group  for  coordination  prior  to  flight  tests. 

C.  Sealant  Gztn^  •  C.  E.  Johnson 

1.  Re^onslble  for  inspection  of  sealant  in  the  test  tanks 
{1)  before  flight  testing  and  (2)  after  every  ten 
oAySe 

2.  Job  outline  shall  be  submitted  to  the  System-Iteterlals 
Group  for  coordination  prior  to  flight  test. 

D.  System  Laboratories  Grotip  -  H.  A.  Holmes 

1.  Responsible  for  the  blending  of  the  fuel  additives, 
saturation  of  the  fuel  with  water  and  fueling  of  the 
airplane. 

2.  Coordination  with  Systen-ICsterlals  Gz'oup  will  be  required 
for  the  sampling  and  analysis  of  saagpleo  and  preparation 
of  test  fuels  throughout  the  pz^gram. 

E.  Fuel  Systems  -  R.  L.  Wllliaas 

1.  Responsible  for  oveirallfllght  teat  coordination. 

2.  Responsible  for  flight  mission  requirements  and  instrumen¬ 
tation  requirements. 

3*  Responsible  for  surveillance,  evaluation  and  report  of 
the  fuel  system  performance  other  Materials 
Process  responsibility. 

Final  report  including  fuel  system  performance. 
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l;  .  Flight  Teat  Section 

A.  Flight  Ibet  Operations  Unit  -  E.  J.  Sullivan 

This  unit  shall  b«  re8i>onslble  for  preparation  of  the  test 
airplane  to  the  desired  configuration;  planning,  scheduling, 
conducting,  obtaining  and  reducing  the  test  data  required 
by  the  Flight  Test  Outline;  and  reporting  the  test  progress 
and  results  to  the  Air  Force  as  contractually  required. 

B.  Flight  Test  Instrumentation  Unit  -  B.  J.  Blgley 

^is  unit  shall  be  responsible  for  the  design,  procurement, 
calibration,  operation,  and  maintenance  of  all  instrumentation 
Installed  to  obtain  the  required  data  specified  in  the 
Flight  Test  Outline. 

C.  Flight  Operations  Unit  -  J.  H.  Goodell 

This  unit  shall  be  responsible  for  over-all  conductance  of  the 
flight  test  to  satisfy  the  requirements  of  the  Flight  Test 
Outline. 

III.  Test  Outline 

A.  Airplane  Configuration 
Standard  B-520  configuration. 

B.  Test  Procedure 

1.  Hos.  1,  2,  3,  and  U  fuel  tanks  (Integral),  shall  be 
topcoated  with  EC-1527,  EC-776SR  and.S^S  10-39  (in 
each  tank). 

2.  Thermocouples  shall  be  Installed  In  Bos.  1  and  2  fuel 
tanks,  each  lov  pressure  strainer  fed  by  these  tanks,  and 
at  the  Inlet  of  the  Hamilton  Standard  ^^dro -Mechanical 
fuel  control  unit.  A  record  of  the  teoperatures  obtained 
shall  be  given  to  the  System-Materials  Grovp  after  each 
flight  test.  (Use  the  same  thermocouple  configuration 

as  installed  for  VFT  1026  and  1028) . 


FORM  E-I6S6  R2 


a/£Fis£jzA'^  C‘£Fm^A/¥r  D 3 -2780 

**'"*'"  ^/««««'  Addenda  F 

Page  106 


HPT  nil 

Feg«  6 


3.  Instan  neceseary  instrumentation  to  determine  the  pressure 
Wfferential  across  the  low  pressure  strainer  screens  dwing 
flight  testing.  A  record  of  the  differential  pressure 
Shan  be  given  the  System-Katerials  Group  after  each  flight 
test.  (Use  the  same  instrumentation  for  differential  nressure 
as  instaUed  for  WPT  1028) . 

h.  Fuel  heaters  shan  be  removed  from  engines  2,  5,  and  7  and 
replaced  with  tube  installation  per  BAC  drawing  35-768^. 

C.  Test  Fuel  Preparation 


Three  additives  shan  be  blended  with  MIL-J-5624D,  Grade  JP-4 
for  flight  testing.  Blends  win  be  prepared  in  fueling  * 
one  trailer  for  each  additive.  Tlie  seme  trailer 
win  be  used  for  the  same  additive  throughout  the  test  program, 
to  avoid  contamination  with  other  additives.  The  concentration 
of  additives  used  in  an  phases  of  the  flight  test  shan  be 
the  mlnlmun  effective  concentration  for  water  saturated  fuel 
plus  2  cc.  water  per  ganon  of  fuel. 


^ase  I  of  the  test  program  win  be  conducted  with  fuel  con- 

minimum  effective  concentrations  of 
^dltlve  for  water  saturated  fuel  plus  2  cc.  water  per  ganon  of 


Ph^e  II  of  the  test  program  win  be  conducted  with  fuel  con-  - 
talni^  2  cc.  of  excess  water  per  gaUon  of  fuel.  The  fuel 
used  for  blending  with  additive  for  Phase  II  win  contain  100  *  ' 
10  ppm  water.  The  excess  water  win  be  added  during  the  fueling 
of  the  airplane.  The  additive  concentration  shan  be  the  min¬ 
im^  concentration  re<|ulred  for  water  saturated  fuel  plus  2  cc. 
water  per  ganon  of  fuel.  ^ 

Phase  III  of  the  test  program  will  be  conducted  using  the  most 
praising  aMitlve  or  additives  from  Phases  I  and  II,  previous 
3^oratory  tests,  and  JP-4  fuel  containing  100  ±  10  ppm  water. 

^e  test  win  be  plane-wide,  utilizing  the  body  tanks  (bladder 
type)  as  wen  as  the  Integral  tanks.  Phase  IV  of  the  test  pro- 
grM  win  be  toe  seme  as  Phase  III,  except  2  cc.  of  water  per 
ganon  of  fuel  win  be  used. 

Ptose  V  of  the  test  program  shan  utilize  a  satisfactory  ad- 
dltlye,  from  toe  previous  phases,  in  an  integral  tank  and  a 
bladder  cen.  The  fuel  shan  be  as  received  containing 
concentration  of  toe  additive.  Tils  win  be  a  60  day  testto 

maintain  sufficient  lead  time  for  any  concurrent  Air  Force  flight 
test  program. 
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In  all  phases  of  the  flight  teat  program,  the  control  fuel 
tanks  will  contain  the  sane  conditioned  JP-4  fuel  as  in  the 
additive/fuel  test  tanks  excq;>t  no  anti-icing  additives  will 
be  present,  in  both  integral  and  bladder  control  tanks* 

The  additives  will  be  added  to  the  fuel  as  foUoM: 

1.  Circulate  the  fuel  in  the  trailer  at  IJO  G*P.M. 

2.  Introduce  the  additive  into  the  system,  lasnediately  ad¬ 
jacent  to  the  auction  side  of  the  p\ii!5>.  IBie  culdltive  will 
be  added  continuously  at  a  rate  such  that  the  required 
amount  of  additive  is  added  as  soon  at  the  fuel  has  been 
circxilated  one  complete  cycle.  Continue  circulation  until 
the  fuel  is  required  for  fueling  in  the  aircraft.  Cir¬ 
culation  should  be  for  at  least  one  hour,  then  an  analysis 
made  of  additive  concentration.  Corrections,  if  any,  should 
then  be  made.  !Hie  Systeo-Katerials  Group  personnel 

be  present  during  the  blending  operation. 

3.  Additive  analysis  of  the  fuel/additive  blends  and  of  the 
fuel  shall  be  made  after  the  additive  is  thoroug^ily  nixed 
into  the  fuel  (after  one  hour  circulation)  and  prior  to 
fueling  of  aircraft. 

D.  Flight  Test  Outline 
Phase  I 

1.  Topcoatlng  and  Sealant  in  Test  Fuel  tanks  will  be  Inspected 
prior  to  Flight  Test  Progrma.  Pencil  hardness  and  adhesion 
tests  (tape)  shall  be  conducted  on  each  of  the  topcoatlngs. 
Hardness  tests  (Rex)  shall  be  conducted  upon  the  sealant. 
Visual  inspection  and  whenever  possible,  hardness  tests  (Rex) 
will  be  conducted  upon  elastomeric  materials  in  the  integral 
tanks.  Biis  data  shall  be  recorded  and  rei>orted  to  the 
Katerlals  and  Process  Unit,  System-Materials  Gro»q>, 
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2.  Additive/fuel  blends,  blended  for  Phase  I,  shall  be  pumped 
into  the  test  fuel  tanks,  one  additive/fuel  blend  In  each 
tank.  The  control  tank  shall  contain  fuel,  conditioned  the 
sane  as  the  fuel/addlti ve  blends  vithout  additive.  The 
control  tank.  Ho.  2  Main,  shan  be  a  control  throughout 
the  entire  test  program. 

3.  Saiaples  for  additive  and  vater  analysis  vin  be  taken 
after  fueling  of  the  airplane  and  after  flight. 

A  con5)lete  record  of  temperatvires  at  fuel  strainers,  fuel 
tanks  and  fuel  control  units,  and  differential  pressure  across 
the  lov  pressure  strainers  will  be  kept  during  flight  and  the 
data  submitted  to  the  System-Materials  Croup  at  the  end  of  each 
flight  test. 

5.  The  low  pressure  strainers  will  be  checked  for  .ice  formation 
after  each  flight  and  photographs  taken. 

6.  Topcoating,  sealant,  and  elastomeric  mater IslIs  in  the  test 
fuel  tanks  will  be  inspected  after  the  tanks  have  been  ex¬ 
pos  _d  to  fuel/additive  for  10  calendar  days.  Pencil  hard¬ 
ness  and  adhesion  (tape)  tests  shall  be  conducted  on  the 
topcoat.  Hardness  tests  (Rex)  shall  be  conducted  on  the 
sealant  and  elastomers  where  possible.  The  data  will  be  re¬ 
ported  to  the  l^terialB  and  Process  Unit,  System-Materials 
Group.  Inspection  of  the  topcoating  sealant  and  elastomers 
shall  be  made  immediately  on  opening  the  fuel  cells  and  again 
after  2.h  hours  of  drying.  Cells  can  be  sesiled  up  again  after 
checking  topcoat  and  sealant  with  Engineering  Inspection  only. 
The  time  the  fuel  cells  have  been  exposed  to  fuel  additive 
shall  be  recorded  wito  each  inspection. 

7*  This  phase  shall  consist  of  three  flights  and  total  time 
exposure  of  the  fuel  tanks  to  the  fuel/addltlve  for  10 
calendar  days .  A  flight  time  of  approximately  10  hours 
each  flight  will  be  required,  or  sufficient  time  to  reduce 
the  bulk  fuel  and  strainer  temperature  to  known  icing  con¬ 
ditions.  If  known  icing  conditions  cannot  be  reached,  the 
^®1  will  have  to  be  cooled  below  these  conditions  prior  to 
fueling,  nils  will  be  determined  after  the  first  flight 
test. 
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3.  Materials  and  Process  Unit,  Systejo^Materlals  Group,  Fin¬ 
ishes  GrooQ),  and  Sealants  Group  shall  he  present  during 
all  Inspections  of  the  test  fuel  tanks  and  low  pressure 
strainers,  and  shall  he  notified  prior  to  opening  of  fuel 
tanks  and  the  reiaoving  of  the  strut  strainers. 

Q.  The  following  fuel  loading  and  usage  sequence  will  be 
required  for  the  flights  in  this  phase: 


Loading 

Externals 
Outboard  Wings 
Mains  1  and  k 
Mains  2  and  3 
Center  Wing 
Forward  Body 
Mid  Body 
Aft  Body 


Full 

Full 

Pull 

32,000§=  ea. 
Full 
2,000# 
2,000# 
21,000# 


9,100.# 

lU,92k.# 

63,596. 

64,000. 

21,015. 

2,000  (min.) 
2,000  (min.) 
21,000. 
197,035.# 


HOTS:  r.ie  first  fuel  loading  of  mains  1,  2,  3,  ^ 

after  application  of  top-coating  materials  will 
be  with  110*F  fuel  plus  2cc.  excess  water/gal. 
Additives  as  specified  in  paragraph  III.C.  for 
Phase  I  will  he  in  the  fuel  for  mains  1,  3, 

4.  No  additive  in  Main  #2  fuel.  The  hot  fuel  may 
he  loaded  at  any  time  prior  to  the  first  flight. 
Sump  draining  shoxxld  be  accomplished  prior  to 
flight. 


Aft  Body  to  1  and  2 
Main  2  to  3  4 

Main  3  6o  5  nod  6 
Center  Wing  to  7  ®nd  8 


-  Take-off 


2.  Aft  Body  to  1,  2,  3,  and  4.  ). 

Center  Wing  to  5,  6,  7,  and  8  ) 


Climb  and  use  fuel  until  It 
is  depleted  from  these 
tanks 
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3*  Main  1  to  1  and  2 
Main  2  to  3  and  4 
Main  3  to  5  and  6 
Main  U  to  7  and  8 

After  starting  step  3  above,  do  not  change  sequence. 
Complete  the  flight  with  this  setting  and  accon5)li8h 
landing  with  a  njiniinum  of  4,00(^  in  each  main.  Bd- 
teinaal  and  outboard  wing  fuel  will  not  be  used  during 
this  phase  of  the  flight  test  program. 

Phase  II 

1.  This  phase  of  the  flight  test  program  shall  be  conducted  the 

sane  as  Phase  I  with  the  following  exceptions: 

a.  Fuel/additive  blends  shall  be  those  bleiided  for  Phase  II 
in  Section  C,  Test  Fuel  Preparation. 

b.  Tne  control  naln  fuel  tank,  tank  Ho.  2,  shall  have  fuel 
conditioned  the  same  as  the  fuel/additive  blends  except 
no  additive  will  be  present.  Cxe  fuel  shall  contain 
100  ±  10  ppm  water  plus  2  cc  of  excess  water/gallon  of 
fuel. 

c.  Two  cc  of  excess  vater/gallon  of  fuel  shall  be  added 
to  all  test  tanks  diiring  fueling  of  the  airplane. 

d.  This  phase  shall  consist  of  four  fll^^ts  and 
total  time  exposure  of  the  fuel  tanks  to  the  fuel/ 
additive  for  10  calendar  days.  Three  of  these  flights 
are  to  be  10  hours  duration.  The  fourth  flight  is 

to  be  approximately  24  hoxirs  duration  with  in-flight 
refueling.  Only  the  one  additive  which  is  to  be  recom¬ 
mended  to  the  Air  Force  for  their  flight  test  will 
be  used  throughout  the  airplane.  FUel  received  dur¬ 
ing  air  refueling  will  also  contain  this  additive  but 
without  excess  water. 

HOTB:  Tie  first  fuel  loading  of  mains  1,  2,  3,  and  h 
at  the  beginning  of  phase  II  will  be  with  110* 
fuel  plus  2  cc.  of  water/gal  of  fuel.  Additives 
as  specified  in  section  C  for  Phase  II  will  be  in 
the  fuel  for  mains  1,  3,  and  4.  Hb  additive  in 
main  Ho.  2,  the  hot  fuel  Biay  be  loaded  at  any 
time  prior  to  the  first  flight  in  Phase  II  after 
Phase  I. 
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e.  Eic  forward  body  tank  (bladder)  shall  have  a  fuel/ 
additive  blend,  selected  from  Phase  I,  added  for 
test.  The  fuel  shall  contain  100  ±  10  ppm  water 
plus  2  cc  excess  water/gallon  of  fuel.  Hardness 

tests  (Rex)  shall  be  conducted  on  the  forward  body  bladder 
cell  prior  to  this  phase  and  at  each  inspection  period. 

f.  All  groups  shall  subiait  a  report  to  the  System  Materials 
OroiQ)  to  facilitate  a  possible  recoamendation  to  the 
Air  Ptorce  by  1-1-60. 

Fiase  III 

1.  ®ii8  phase  of  flight  test  program  will  be  plan-wide 

usage  of  an  additive  or  additives  determined  from  Phases 
I  and  II.  The  same  tank  used  as  a  control  tank  In  Phases 
I  and  II  shall  remain  as  a  control  tank.  In  addition  a 
body  tank  (bladder)  shall  be  used  as  a  control  tank 
through  Pimses  III  and  IV.  These  control  tanks  shall 
contain  the  same  conditioned  fuel  as  the  other  tanks 
except  no  additive  will  be  present. 

a.  Topcoating,  sealant,  elastomers  and  bladder  cells  shall 
be  inspected  prior  to  this  phase  of  the  Flight  Test 
program.  Pencil  Hardness  luad  adhesion  tests  (tape) 
shall  be  conducted  on  each  of  tlie  topcoatings.  Hard¬ 
ness  tests  (Rex)  shall  be  conducted  upon  the  sealant. 

Tie  elastomers  and  bladder  cells  shall  have  Hardness 
tests  (Rex)  conducted  where  possible,  and  visual  in¬ 
spection  on  remaining  parts.  This  data  shall  be  re¬ 
corded  and  reported  to  the  Pisterials  and  Process  Unit, 
System-Ilaterials  Group. 

b.  Puel/additive  blends  shall  be  in  all  tanks,  including 
body  tanks  (bladder  type),  except  the  control  main  tank, 
Ho.  2  main  and  the  raid  body  tank  (bladder  type). 

c .  The  concentration  of  the  additive  in  JP-U  fuel  whAit  be 
the  same  as  the  concentration  of  the  additive  when  used 
in  Phases  1  and  II. 
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d.  All  tanks  shall  contain  the  same  conditioned  JP-4  fuel 
and  additive,  containing  100  ±  10  ppm  vater.  The  control 
main  fuel  tank  (integral)  and  control  body  tank  (bladder) 
BhaiJ.  contain  the  same  conditioned  JP-1»  fuel  containing 
100  ±  10  ppn  vater  vith  no  additive  present. 

e.  The  bladder  cells  shall  be  inspected  after  every  10 
calendar  days  the  cells  have  been  exposed  to  fuel 
additive,  by  the  I&terlals  and  Process  Unit,  System- 
Materials  Group. 

f.  IHiis  phase  shall  consist  of  six  flight  tests  and  20 
calendar  days  of  total  exposure  tine  of  the  cells  to 
the  fuel/additive .  A  flight  time  of  approximately 
10  hours  each  flight  will  be  required  or  svifflclent 
time  to  reduce  the  bulk  fuel  temperature  to  knovn 
Icli^g  conditions. 

g.  Tne  remaining  inspections  and  flight  test  conditions 
shall  be  the  same  as  Phases  I  and  II. 

Phase  IV 

1.  This  phase  of  the  fll^t  test  viU  be  conducted  the  same 
Phase  III,  using  the  same  additive  or  additives  as 

Phase  III  vith  the  following  exceptions: 

a.  The  additive  concentration  shall  be  the  minimum  ef¬ 
fective  concentration  required  for  saturated  fuel  plus 
2  cc  excess  vater/gallon  of  fual. 

b.  2  cc  of  excess  water/gallon  of  fuel/edditive  blends 
shall  be  added  to  all  tanks  during  fueling  of  the  air¬ 
plane. 

c.  !nie  control  s^in  fuel  tank  (integral)  and  the  control 
body  tank  (bladder)  shall  contain  the  same  conditioned 
JP-4  fuel  vith  the  2  cc  excess  vater/gallon  of  fuel, 
however,  ae  additive  will  be  present. 
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d.  An  Inspection  shall  be  made  of  the  sealant,  top* 

coating,  and  elastomeric  materials  after  the  last  flight 
test.  Information  required  is  as  specified  in  Phase  III. 

1.  above. 

e*  All  groups  vill  submit  a  report  to  tae  Fuel  Systems  droup. 

Phase  V 

1.  This  phase  of  the  flight  test  shall  utilize  a  satisfactory 
additive  from  Paases  I,  II,  III,  and  IV,  in  an  Integral 
ving  tank  and  the  forward  body  tank.  The  fuel  will  be 

as  received  from  the  tank  farm  containing  usage  concen¬ 
tration  of  the  additive. 

2.  Inspections  shall  be  as  in  the  previous  phases  and  will 
be  conducted  every  10  calendar  days. 

3.  This  phase  shall  consist  of  flight  tests  for  a  60  calendar 
day  period  to  maintain  siifficient  lead  time  for  any  con¬ 
current  Air  Force  flight  test  program. 

^  ■  All  gi*oup6  seall  submit  a  final  report  to  the  System  Materials 
Group. 

E.  Data  Required 

1.  Each  engine  fuel  flow  rate  vs.  tine  (all  eight  engines). 

2.  Each  200  mesh  strainer  fuel  differential  pressxure  vs. 
time  (all  eight  engines)  (use  the  same  instrumentation 
for  differential  pressure  as  Installed  for  WFT  1026). 

3.  tEoperature  in  Mains  1  and  2  (use  the  same  thermo¬ 
couple  configuration  as  Installed  for  WFT  1026). 

U.  ;:^h  fuel  tectperatxre  at  the  200  mesh  strainer  vs.  time  on 
engines  2,  4,  5,  snd  7  (use  same  thermocouple  configuration 
for  heater  inlet  and  outlet  temperatureB  as  installed  for 
WPT  1023) . 
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5. 


Fuel  tea5>erature  at  inlet  of  the  Hamilton 
Mechanical  fuel  control  unit  on  ensinea  2 

Jr’wi’Jcll)!  “  ln.t.U^ 

^eiiglnM^l^”3**6*°ana*8^(*  toaperature  »a.  tlae 
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B-52G  INTEGRAL  WIMG  TEST  CUBE  EVAHJATTOH 
OF  SEALANT.  FIKISH  SYSTIiH 

•cci  7100  -  C.  B.  Barlow 
2-5543  -  M.  Kuahner 
4-7012  -  W.  L.  Sloaaon 
6-7773  -  F,  N.  Markey 


II 

Seattla  (28-81) 
Seattle  (29-11) 
Renton  (74-83) 


OBJECTIVEi 


To  coordinate  the  aeaeaibly  of  the  Wing  Station  492  test  cubes,  application  of 
finishes  and  sealants,  testing  of  the  completed  cubes,  and  to  perform  the  evaltia- 
tion  of  sealant  test  results. 

SCOPEi 

Two  cubes  were  tested.  The  first  was  completely  disasaonbled  and  stripped  of 
primer  and  sealant,  primed  with  BKS  10-11,  reassembled  with  DKS  5-44  faying  surfac^ 
seals  and  sealed  with  BFS  5-44  fillet  seals. 

The  second  was  not  disassembled  but  was  stripped,  primed  with  B^S  10-39  primer 
and  sealed  with  BVS  5-44  fillets.  Some  areas  were  coated  with  10-39  primer 
over  the  fillets. 

JUSTIFICATIOHt 

Pilot  scale  evaluation  of  Finish-Sealant  Systems  may  reveal  problem  areas  not 
observable  on  a  laboratory  scale  and  at  a  cost  much  less  than  that  of  full  seals 
operational  tests. 

CONCLUSIONSi 

1.  The  first  cube  using  the  BUS  10-11  primer  and  BMS  5— 44  faying  surface  and 
fillet  seals  satisfactorily  passed  the  testing  program  of  Reference  2  and  4, 

2.  The  second  Wing  Station  492  Test  Cube  Test  using  BMS  10-39  finish  and  BMS 
5-44  fillet  seals  with  some  areas  topcoated  with  BMS  10-39  finish  satisfac¬ 
torily  passed  a  similar  testing  program  (See  Reference  5)  and  demonstrated 
that  BMS  10-39  finish  was  ccanpatible  with  BMS  5-44  sealant  whether  applied 
first  as  a  primer  or  applied  over  the  sealant  as  a  topcoat. 

RECOMMPtDATIOKSt 

1.  It  is  recommended  that  the  sealant  finish  system  of  BMS  5-44  sealant  with 

BMS  10-39  finish  be  considered  as  compatible  and  that  BMS  10-39  be  considered 
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REFERTOCESi  Plaga  124 

1,  EDP  829,  Jlniah  Syaten,  Integral  Pual  Tank. 

*• 

K  1675  .  K^i4 

"•  section,  T„t  Hcpont  330-3  Blnlnh 

’•  *•>»"*  33«  nniA 

6,  EBO  EDP  829-001,  Wing  Station  492  Test  Cuba. 

3*  ^3-2434,  B-52G  Integral  Wing  Test  Cube  Evaluation. 

MTERIALS  ^D  EQUIPMENT «  xuaxxon. 

1.  BMS  5-44,  Integral  Fuel  Tank  Sealant  B-52G. 

2.  Sealing  application  tools,  gun,  cartridges,  nozzles,  fairing  tools,  etc. 

3.  Leak  Detection  equipment.  Bubble  Solution,  Phenolthalaln  Indicator,  etc. 

4.  Jet  Reference  Fliild  per  BMS  5-44  (or  per  BMS  5-26C). 

5.  Aqueoiia  Salt  Solution  (3  wt.Jt  HaCl). 

— il«Me  frOB  prcyton.  testing  (Se.  gofer- 

Culww  f  J  p 

PROCEDURBi 

completely  dismantling  the  test  cube  (See  Refer¬ 
ee  6)  stripping  the  old  aealant,  priming  the  individual  parts  with  BMS 

^ajing  surface  seals  throughout,  and 

SMllng  the  test  cube  vdth  5-44.  The  cube  was  then  leak  teatid  with  air 

The  cub. -VO,  ^ 

^l^rSlLj  temperature  for  24*^urt 

using  MIW-56^,  Grade  JP-4  (dyed  red).  This  was  followed  by  a  sealant 

(S”l4"5-2te)^Md^3r*^i5"®  Reference  Fluid^per  BhS  5-44 

VO,  foUo«d  by  .  hot  .i;X  a"? 

olMhS^ru  T’  Ejllons  of  KIL-H-3136  Typo  I  toot  fluid  ^ 

p  _pe  ed  at  H  C^  thru  an  angle  of  300  at  a  teaperature  of  -65°?.  whilA | 
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being  Tibrated  at  I960  CPK  with  an  amplitude  of  0,032"  for  a  i>erlod  nf  ?> 
houra  This  test  was  followed  by  a  repeat  of  the  11  paifsLrS?^  A  fat 
roOT  twperature.  Results  of  thie  test  were  setisfactorfa^  the  tsTi; 
for^r'^^Siid^  an  ambient  temperature  soak  in  Jet  Reference  Fluid  per  BKS  5-44 
I)  monthly  sealant  inspection  (See^ferenw 

4).  The  sealant  was  satisfactory  and  testing  was  tenrinated  on  8  June  1959. 

'Without  disassembling  and  primed  with  Bll^(W9 
finish.  The  cube  was  then  sealed  with  ByS  5-4/  Troe  B-9  H-w?  ^ 

IQTSi  Subsequent  InTestlgatlon  disclosed  that  the  first  test  was 

^  Re^orence  7  and  the  second  test 
was  conducted  using  Cube  No.  1  of  Reference  7. 

RESULTS! 

1.  Results  of  testing  on  the  first  cube  disclosed  that  BMS  10-11  t  * 

is  com-tible  with  BKS  5-U  sealant  but  subs^uenrin^stJ^MoIrfJ: 

-our  wltTJoXuhe^ 

2.  Resvats  of  testing  on  the  second  cube  indicate  that  the  BMS  10-39  -  nvs  <_// 

-nu.n.  r»o,.d 
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Copies:  7100  -  C.  Johnson  -  I  (2) 

2-7750  -  D.  J.  Downey  -  04-34 

JYJTrl'^J  LA30drtT0RI£3  UMII 
PLAA'T  TE>T  StCTlON 
T£oT  Rrl-ORT 

Finish  System,  Integral  Fhel  Tcuok 

To  qualify  a  conrosibn  protective  coating  for 
application  to  integral  fuel  tanks  and  ccanponents. 

(a)  EDP  No.  829  (LT  829-3-3)' 

(b)  Systems  Laboratories  Report  No.  330-5, 
dated  28  August  1959. 

(c)  Photograph  BWA_13374,  page  20 

BWA-I38O4,  page  21 


The  Finish  System  Cube  was  tested  per  Reference  (b). 

The  following  tests  were  performed  on  the  finish  system  test  cube  in  the 
indicated  sequence,  however,  the  sealant  inspections  throughout  these 
tests  were  performed  ty  I^ocess  Unit  personnels 

A.  Leakage  Test  (Data,  pages  4  through  6  ) 

1.  The  test  cube  was  filled  with  dyed  JP— 4  and  a  pressure  of  11  psig 
was  applied.  leakage  appeared  immediately  at  the  lower  wing 
stiffeners.  Process  personnel  inspected  the  leakage  and  repaired 
the  sealant.  Three  additional  leakage  areas  were  detected  and 
repaired  on  successive  pressure  checks. 

2.  An  internal  pressure  of  11  psig  was  applied  to  the  cube  for  a 
24  hour  period. 

3.  As  the  slight  leakage  of  fuel  which  occtirrod  during  test  was  not 

in  test  area,  the  test  cube  satisfactorily  completed  the  leakage  test 

B.  Aging  and  Qycling  Test  (Data,  page  7  through  page  10 ) 

1.  The  test  cube  was  filled  with  approximately  80  gallons  of  BMS  526 
reference  fluid  and  approximately  38  gallons  of  3$  solution  of 
salt  water. 
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2.  A  cyclic  pressure  set-up  was  plumbed  to  the  cube  as  shown  la 
photograph  BWA-13374»  p^g®  20 ,  The  Tluld  temperature  was  raised 
to  +140  t5®P  end  maintained  for  74  hours  before  pressure  cycling 
was  begun. 

3.  During  the  following  46  hours,  the  cube  was  pressure  cycled  from 
♦6  to  -1.5  to  +6  psig  at  the  rate  of  one  complete  cycle  every  3 
minutes,  with  approximately  equal  time  on  both  positive  and 
negative  pressure. 

4*  The  remainder  of  the  aging  test,  approximate  46  hours,  was 
completed  after  completion  of  the  pressure  cycling. 

5.  The  test  cube  satisfactorily  passed  the  aging  and  pressure  cycllns 
test  without  leakage. 

C.  Hot  Air  Dry  (Data,  page  11  ) 

1.  The  test  cube  was  drained,  one  access  door  removed  and  the 
sealant  inspected.  There  was  no  apparent  damage. 

2.  The  cube  was  then  placed  in  an  environment  of  circulating  160®P 
±3°F  hot  air  for  78  hours. 

D.  Leakage  Test  (Data,  page  12  ) 

1.  The  test  cube  was  filled  with  dyed  JP-4  test  fuel.  A  head 

was  used  to  assure  a  full  cube  when  11  psig  pressure  was  applied 
for  24  hours.  ®  ^  k*'  « 

2.  A  slight  leak  developed  at  a  fuel  dam  on  the  upper  surface.  This 
leak  remained  throughout  the, leakage  tost.  A  minute  leak  also 
appeared  on  the  side  of  the  cube  but  never  became  moist. 

3.  The  leakage  \dilch  appeared  during  this  test  was  not  of  sufficient 
quantity  to  be  significant. 

E.  Slosh  and  Vibration  Tost  (Data,  pages  13  through  18  ) 

1.  The  Finish  System  test ‘cube  was  mounted  on  a  slosh  and  vibration 
table  with  the  sides  representing  the  spars  at  an  angle  of  30®  to 
and  in  a  plane  parallel  with,  the  axis  of  rotation.  See  * 

photograph  BMA-I38O4,  page  21  . 

^e  plumbing  system  was  assnsbled  to  obtain  a  fuel  temperature  of 
^5  *5^  during  the  test.  The  tank  was  vented  with  a  1  I/4  vent 
line  to  atmosphere.  No  pressure  was  applied  during  this  test. 

3.  ^  cube  was  filled  with  approximately  80  gall<ms  of  MIL-H.3136, 

Type  I  test  fluid*  Vhen  the  fuel  reached  a  temperature  of  -65® 

±5  F,  the  cube  was  simultaneously  slosh  and  vibrated  for  25  hours 

ftjport  No.  330-6  i 
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at  an  average  double  amplitude  of  .032  inches  and  a  frequency  of 
i960  CPM,  The  slosh  rata  was  11  CHl.  After  2,  5»  9»  14»  end  19 
hours  elapsed  tine,  the  test  was  momentarily  stopped  for  visual 
inspection  of  the  exterior  of  the  cube.  After  a  total  of  25  hours 
of  slosh  and  vibration^  the  access  door  was  removed  and  the 
sealant  was  inspected  by  Process  personnel.  There  were  no  seadant 
dlscrepanoles. 

4.  Upon  ecopletlon  of  the  slosh  and  vibration  test,  the  oube  was 
sloshed  only  for  15  hours  with  approximately  80  gallons  of 

MIL-H-3136,  Type  I  tost  fluid  at  a  temperatvu:*e  of  -65®F« 

5.  No  leakage  occurred  during  the  test. 

F.  Leakage  Test  (Sse  data,  page  I9) 

1,  The  cube  was  filled  with  JP-4.  A  pressure  of  11  psig  was 
applied  to  the  cube  for  24  hours. 

2,  Immediately  after  applying  pressure,  the  cube  began  leaking  at 
the  intersection  of  the  third  rib  stiffener  and  the  fuel  dam  on 
the  right  hand  side  of  the  cube  looking  toward  the  access  door 
marked  ’’Top”.  The  leak  appeared  to  be  from  a  hudc  bolt  or  self 
sealing  fastener  with  a  rate  of  10  to  15  drops  per  hour.  - 

G.  Inspection 

The  sealant  was  Inspected  hy  Process  Unit  personnel  at  completion  of 

the  testing.  Several  sections  of  sealant  have  been  removed  for . 

additional  investigation.  .  ' 

III.  The  teat  cube  has  been  placed  in  storage  at  the  Power  Plant  Laboraltory. 

IV.  All  work  by  the  Test  Group  as  requested  in  LDP  829  (LT  829o3-’3)  has  been' 
completed.  No  additional  testing  on  this  particular  finish  system  test 
cube  is  scheduled  to  be  performed  at  this  time. 
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